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This paper presents a brief discussion of the curre 
with special reference to the degree of accuracy which 
current transformer is then described, 
of tron and topper in the transformer. 


yielding an auxiliary corrective current which, 
which very closely approximate 
having no errors. 
for the main and one for the auxiliary secondary current. 

The mathematical theory of the two-stage curre 
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and 


nt transformer as used with measuring and controlling apparatus 
can be attained in the ratio and phase angle. 
in which it is possible to secure much higher accuracy with a given amount 


SMe In this new device the transformation is effected in two stages, the first 
yrelding in the usual way a secondary current which is approxin 


A new type of 


rately correct in magnitude and phase, and the second 


when combined with the first secondary current, gives a resultant current 
s to the secondary current which would be furnished by anideal current transformer 
The two currents may easily be combined by having two like windings in the devices operated, one 


nt transformer is developed and applied. Experimental curves 


are gwen to compare the performance of the new transformer with that of an ordinary simple current transformer of 


good average performance. 


The effect of mutual inductance between the external secondary circuits is discussed, 


and some of the special advantages of the new transformer are given. 


THE SIMPLE CURRENT TRANSFORMER 


HE term “current transformer’ as ordinarily 
fi used refers to a transformer used to deliver to 

electrical measuring and controlling devices a 
definite fraction of the line current. It consists 
essentially of a core of magnetic material on which are 
wound two coils, one of which, usually of a few turns 
of large wire, is connected in series with the high- 
voltage circuit, while the other coil (usually of a greater 
number of turns of smaller wire) supplies a secondary 
induced current which operates the measuring and 
controlling devices in the secondary circuit. The 
impedance of the external secondary circuit is properly 
referred to as the secondary burden. 


In order that a secondary current may be induced, a 
certain component of the primary current must be used 
to produce the necessary magnetization, and to supply 
the core loss. The core being of iron it is readily appre- 
ciated that this component of current varies with (1) 
secondary burden, (2) frequency, (3) magnitude of the 
secondary current. Because this component does not 
vary directly with the secondary current, the ratio of 


the two currents varies with any changes in the above © 


three factors occurring either separately or jointly. 
Also, the electrical phase difference between the primary 
current and the secondary current, which would be 
exactly 180 deg. in an ideal transformer, departs from 
180 deg. by a small angle, the “phase angle,” which 
varies with each of the three causes mentioned as 
affecting the ratio of currents. For the accurate opera- 
tion of electrical measuring apparatus, especially 
wattmeters and watt-hour meters, it is necessary that 
the ratio of primary current to secondary current should 
always be constant in a fixed ratio and that the depar- 
ture from the 180 deg. phase relation should be 
negligible. This should be true for all ordinary condi- 
tions of secondary burden, primary current and fre- 
quency. Changes in ratio affect the readings of instru- 


To be presented at the A. I. E. E. Annual Convention, Niagara 
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ments at all power factors while phase angles cause 
errors which greatly increase as the power factor is 
lowered. For example, in using a polyphase watt-hour 
meter for measuring the energy delivered over a three- 
phase system, a variation of 1 per cent in the ratio 
causes an error of 1 per cent in the registration, irre- 
spective of the power factor. When the system is at 
86.6 per cent or 50 percent power factor, a phase 
angle of 20 minutes will cause errors of 0.3 per cent and 
1.0 per cent respectively in the registration of the meter. 
While such errors in ratio and phase are known to 
exist, their effect upon the accuracy of the instruments 
to which they are connected is not always appreciated. 
In the past and even at the present day, many central- 
station men consider a current transformer as of abso- 
lute ratio and zero phase angle. 

Besides the conditions already spoken of as affecting 
the ratio and phase angle of the ordinary current trans- 
former, there is the question as to the magnetization 
of the core brought about during moments of opening 
and closing of the primary circuit or accidental opening 
of the secondary under load. 

Voltage (‘‘potential’’) transformers are inherently 
capable of a very much better performance than current 
transformers, especially as regards phase angle. The 
induction watt-hour meter has also been brought to a 
high state of development, and its performance on 
inductive and non-inductive loads is readily controlled 
by the user through the three standard adjustments 
(light-load, full-load, phase). The current transformer 
has lagged in development behind the other two essen- 
tial elements of metering equipment. The only way 
to improve it radically, with the methods of construc- 
tion commonly employed, is to use iron of magnetic 
qualities much superior to anything now commercially 
available. It is the purpose of this paper to show how 
the transformation of current for metering purposes 
can be brought up to an accuracy at least as high as that 
of the other component functions, by means of a device 
which we have called a “two-stage’”’ current trans- 
former. 
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The two-stage current transformer (shown diagram- 
matically as two distinct transformers Ine high) 
inherently and automatically effects a correction of 
current ratio and phase angle between primary and 
secondary currents to a high degree of accuracy and 
within wide limits of secondary burden. This is 
effected in a manner which may be called a “multi- 
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AUXILIARY 
SECONDARY 


z3 FIG.1-A 


Fig. 1—Exementary Diacram or ELEcTRIC AND MaAGNnetTIc 
Circuits or Two-StaGE CURRENT TRANSFORMER SHOWN AS 
Two SEPARATE TRANSFORMERS 


stage”’ transformation in which one transformer (the 
one at the left in Fig. 1) is used to effect the transforma- 
tion in the ordinary way, yielding a current which is 
approximately correct as to magnitude and phase. 
The primary current and this secondary current are 
then passed through two windings of the second current 
transformer in which the ratio of secondary turns to 
primary turns is equal to the desired ratio of primary 
current to secondary current, the two currents being 
sent through their respective windings in such a way 
that their magnetizing effects upon the core (in ampere- 
turns) tend to oppose each other. (This exact ratio 
of turns is in contrast to the fact that in ordinary cur- 
rent transformers as now constructed, in order to 
secure approximately the desired ratio, one or more 
turns of the secondary winding must be omitted from 


the number which would be required by an ideal . 


transformer). This second current transformer is 
provided with another winding called the auxiliary 
secondary, having very approximately the same num- 
ber of turns as the principal secondary winding. 

It will be evident that if the first transformer is 
operating under conditions such that the secondary 
current happens to be exactly correct in magnitude and 
phase, the ampere-turns of the two windings of the 
second transformer will annul each other at every 
moment, and will produce no resultant magnetization 
in the core of the second transformer and as a result no 
eurrent will flow in the auxiliary secondary winding. 

If, however, as is usually the case in practise, the 
secondary current produced by the first transformer 
deviates from the desired ideal value in magnitude or 
phase angle, or in both, this current and the primary 
eurrent flowing in opposite directions around the core 
of the second transformer produce a resultant magnetiz- 
ing force which acts upon this core. If the auxiliary 
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secondary be now connected to an external circuit, a 
current will flow which will tend to reduce the flux in 
the auxiliary core to zero. Under suitable conditions 
this auxiliary secondary current closely approximates 
in magnitude and phase to the current which must be 
vectorially added to the principal secondary current 
to produce a current such as would be given by an ideal 
transformer of exact ratio and zero phase angle. 

The relations involved may be seen from the vector 
diagrams of Fig. 2, in which (a) is a simplified diagram 
of the action of an ordinary current transformer. OF 
represents the direction of the flux in the core, O E, that 
of the induced secondary e. m. f.; their magnitudes are 
immaterial for the present discussion. With the usual 
case of a secondary circuit having resistance and induc- 
tance, the secondary current O I, will lag behind O E,, 
and if the secondary coil has one turn, O I; may also 
represent the secondary ampere-turns. OA is drawn 
of length equal to O J, and 180 deg. away from it, and 
represents the component of the primary ampere- 
turns which balances the secondary ampere-turns. 
To produce the flux and supply the core losses a mag- 
netizing current J,, must flow through the one-turn 
primary, and I,, shows the magnitude and direction of 
this current and its magnetizing ampere-turns. Com- 
bining OA and OT,,, we get the vector O Io, which 
represents the primary current and its ampere-turns. 
It may be seen that since OA is shorter than O I), 
T, is smaller than the desired value. (In practise, this 
is usually corrected, for any given set of conditions, by 


(a) (a) 
Fig. 2—Vector RELATIONS OF THE TWo-STAGE CURRENT 
TRANSFORMER 


“dropping secondary turns’; that is, by making their 
number slightly less than the number required by an 
ideal transformer. However, for any other set of 
conditions, the current J,, will in general not change in 
such proportion to the other currents as to keep the 
ratio at the desired value.) Also, since O A leads O I, 
by the angle a, the secondary current has a phase error 
(“phase angle’’) of this amount. 

If we pass O I) and O J, through one-turn windings 
surrounding another core in such a way that their 
magnetizing effects are substantially in opposition, 
their resultant magnetizing force will be equal to O J,,. 
These two opposing windings may thus be regarded 
as equivalent to a one-turn primary winding traversed 
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by the current I,,. Then in a third one-turn closed- 
circuit winding around this core (see Fig. 2 (b) ) the 
current J, will be induced. It is evident that if this 


ina 


Fic. 3—Moror ELeMent oF Wartt-Hour Meter, SHowina 
THE Two CURRENT WinpINGsS REQUIRED FOR USE WITH THE 
Two-STrace CURRENT TRANSFORMER 


current be vectorially added to O A of Fig. 2 (a) the 
resulting current will be very much closer to O J, in 
magnitude and phase than is O A. 

The current from the auxiliary secondary may be 
readily utilized by providing the meter (or other de- 


Fic. 4—Two-Stace CURRENT TRANSFORMER CONNECTED 
. po Watt-Hour METER 


vices) with two identical current windings connected 
respectively to the main and auxiliary secondary 
circuits, as shown in Figs. 1 and 3. Under such con- 
ditions the total ampere-turns in the windings of each 
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instrument so connected to the transformer system will 
be for all practical purposes exactly equal to the ampere- 
turns derived from an ideal transformer. The mathe- 
matical treatment of the electric and magnetic net- 
work involved is given in the appendix to this paper. 

Instead of the two physically distinct transformers 
shown diagrammatically in Fig. 1, it is more convenient 
to use a single primary winding and a single secondary 
winding encircling both cores, with the auxiliary sec- 
ondary winding and a few turns of the main secondary 
winding surrounding the auxiliary core only. This 
method of construction produces a two-stage trans- 
former which is physically a single compact unit 
(see Fig. 4), which shows such a transformer connected 
to a watt-hour meter. The method of linking the elec- 
tric and magnetic circuits is shown diagrammatically 
in Fig. 5, in which the numbers 1, 2, 3 represent the 
primary winding, the main secondary winding, and 
the auxiliary secondary winding respectively. 


PRINCIPAL. 
CORE 


AUXILIARY 
CORE 


Fig. 5—Euectrric anp Maaenetic Circuits or Two- 
Stace CurRENT TRANSFORMER MADE AS A STRUCTURAL UNIT 


COMPARATIVE PERFORMANCE 


Without going into details concerning the causes 
limiting the accuracy of current transformers having 
simple secondary windings, it is sufficient to recognize 
that a higher degree of accuracy in current transfor- 
mers is desirable in order to bring up the accuracy of 
the readings of the meters and indication of the instru- 
ments which they operate. Let us consider the effect 
of such errors when the secondary is connected to a 
watt-hour meter which, for the purpose of this discus- 
sion, is assumed to be correct for all loads and power 
factors within the limits considered. If the meter were 
connected directly to the line the speed would be pro- 
portional to 

S = EI cos 0 
and if we assume next that a current transformer of 
nominal 1:1 ratio is interposed we would have the 
speed proportional to 


wed! 
is 


where R is the value, as taken from the calibration curve 
of the transformer, of the quotient, true ratio divided 


cos (6 — a) 


1. This construction was suggested by Dr. F. B. Silsbee. 
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by marked ratio, and a is the small angle (the “phase 
angle’) by which the reversed secondary current leads 
the primary current. 

When operating at unity power factor the term cos 
(6 — a) is almost exactly equal to unity, so that the 
per cent registration of the meter will be almost in- 
versely proportional to R. 

As the power factor decreases the effect of a is felt 
more and more. Since for inductive loads the value 
of 4 is positive there will be a tendency for the meter to 
run faster as the power factor is lowered. As the load 
is lowered the values of both R and a increase and in 
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Fig. 6—ComPARATIVE PERFORMANCE OF SIMPLE CURRENT 
TRANSFORMER AND T’'wo-STAGE CURRENT TRANSFORMER 


general there is a slight tendency for one to compen- 
sate the other, yet in most cases the meter will actually 
exhibit an increased per cent registration on inductive 
loads. For leading power factors the opposite is true 
and as the power factor is lowered the meter becomes 
slower and slower. 

Fig. 6c shows this characteristic on inductive loads 
very clearly. The data as plotted show the degree 
to which the accuracy of a meter is affected when 
connected to a line through a modern simple current 
transformer. This transformer exhibits a good average 
performance. ‘Transformers of considerably lower ac- 
curacy are in service and some of heavier modern 


Journal A. I. H. E. 


designs show a higher accuracy. The curves show the 
per cent registration of the meter for various loads and 
at power factors as indicated. Without the transfor- 
mer the per cent registration would in each case have 
been 100. The data were taken by direct measurement 
rather than by computation from ratio and phase- 
angle curves. In the case cited the secondary burden 
was 1 ohm resistance plus the resistance of the meter. ° 
This particular transformer had about 1200 ampere- 
turns at full load in the primary. A two-stage trans- 
former was built having about the same amount of iron 
in its structure but using only one-half the number of 
ampere-turns. Data were taken on this transformer 
when connected to a meter and with various values of 
secondary burden. .For zero secondary burden there 
was practically no deviation from 100 per cent registra- 
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Fig. 7—Ratio, PHASE-ANGLE AND PERFORMANCE CURVES 
or Two-StacE CuRRENT TRANSFORMER 


tion for all loads and power factors. Figs. 6B and 6D 
show the results using secondary burdens of one ohm 
and two ohms respectively and in both cases there is 
practically no deviation from 100 per cent registration 
for all loads above 20 per cent. Figs. 6c and 6E show 
results which do not even compare favorably with 4, 
B and D, although the secondary burden in tase c was 
very favorable to high accuracy. Fig. 6A shows in 
full lines the performance of the ordinary current trans- 
former when the secondary burden is only a meter 
element and 0.1 ohm lead resistance. The dotted 
line shows the performance of the two-stage transformer 
under the same conditions. For the latter the curves 
for the various power factors were so nearly coincident 
that they are shown as one line. 

Fig. 7 shows the conventional ratio and phase-angle 
curves for the two-stage current transformer with a 
secondary burden consisting of a watt-hour meter and 
0.1 ohm resistance. The lower set of curves, like those 
of Fig. 6, shows the performance as a function of both 
ratio and phase-angle. 

The above data show the great utility of the two- 
stage transformer in obtaining the highest degree of 
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watt-hour meter. 


accuracy in electric metering when the use of a current 
transformer becomes necessary. When used on switch- 
boards the auxiliary secondary need be connected only 
to the wattmeters and watt-hour meters, since in 
general an error of 1 to 2 per cent in the indications of 
ammeters is of no serious consequence. 


Watt-hour meters operated from two-stage current 
transformers need not be calibrated to compensate for 
inaccuracies in the transformers themselves, since the 
main secondary and the auxiliary secondary together 
provide an effective current which is at all times in the 
proper phase with and ratio to the primary current. 
This condition is practically independent of any change 
of secondary burden, frequency, or aging effects in the 
main core, and should the main secondary become open- 
circuited the auxiliary secondary will still provide 
current in approximately the proper ratio. 


EFFECT OF EXTERNAL MUTUAL INDUCTANCE 


In general the introduction of the auxiliary corrective 
current into any device means that the main secondary 
and auxiliary secondary circuits are magnetically 
coupled outside the transformer. This condition 
results in the introduction of e. m. fs. into the auxiliary 
secondary circuit in addition to those generated within 
the auxiliary secondary coil itself. Such e. m. fs. may 
become harmful to the successful operation of the 
transformer if they become sufficiently large. In order 
to show this effect an experiment was made on a two- 
stage transformer, as follows: The burden in both main 
secondary and auxiliary secondary circuits was approxi- 
mately 0.25 ohm, and 0.79 mh. inductance. The 
constants of the transformer were first determined with 
the above secondary burdens and the test repeated 
using a mutual inductance of 0.21 mh. to couple 
magnetically the secondary and auxiliary secondary 
outside the transformer. The tests were made at 
60 cycles. 

The following table shows the change in constants for 
the condition with and without mutual inductance: 


Wirnout Murvat INDUCTANCE 


Per Cent Load.... 10 20 40 60 100 

Patio ee 1 O17 F001 41,0010" 1.0010 1.0010 

Phase Angle...... ye 5 DD. A Day. Oe SMe 
Wire Morvuat InDUCTANCE 

Rate eee Wk oe Pd OLorna ig Olt « 1011 LO LOMee er OO'7 

Phase Angle...... 52s Deo! O10, = Sn! | 5s OF 


The above figures show that the introduction of 
mutual inductance between the main secondary and 
auxiliary secondary circuits outside the transformer 1s 
at least harmful to the ratio of the transformer. It 
should be noted, however, that the mutual inductance 
used in the above experiment was about four times as 
great as that between the two current windings of a 
Furthermore, it is a simple matter 
to provide an external corrective mutual inductance 
of equal numerical value but of opposite sign, thus 
canceling the mutual induction taking place in the 
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meter. This device would be a small laminated core 
with two windings. 

The usual practise of keeping the secondary burden 
as low as possible should be adhered to in the case of 
the auxiliary secondary, and the corrective current 


' should be applied only to apparatus where it is required 


from the standpoint of accuracy. 


SOME FEATURES OF DESIGN 


From a practical standpoint it is desirable to make 
the mutual reactances between primary and auxiliary 
secondary and between main secondary and auxiliary 
secondary the same and to arrange the coils so that 
both of these reactances will vary in the same ratio. 
This will not always be an easy matter when designing 
current transformers of high-voltage type, but in a 
laboratory standard transformer where the insulation 
between primary and secondary can be reduced to a 
minimum the problem is less difficult. By breaking up 
the primary and secondary into a number of sections 
and interleaving the sections on the core some very 
remarkable characteristics can be obtained. For 
example, a two-stage transformer of this type was 
built which had the primary and secondary built in 
two sections each and placed on the core in the follow- 
ing order: P- S- P- S; ampere-turns at full load, about 
900. 

The following table shows the characteristics ot this 
transformer for 0.1 ohm resistance in the main second- 
ary and auxiliary secondary circuits. 


Per Cent Load.... 10 20 30 COR LOO 
RatiGue tae tee 1.0005 1.0005 1.0002 1.0002 1.0001 
Phase Angle...... 2.0’ Os ORon ORO? 0.0’ 


For the commercial testing of instrument transfor- 
mers such a transformer could be considered as having 
a fixed ratio and negligible phase angle. 


TESTING Two-STAGE CURRENT TRANSFORMERS 


Almost any of the methods now in use for determining 
the constants of current transformers can, with slight 
modification, be applied to the two-stage current 
transformer. 

The Agnew watt-hour meter method? will be of par- 
ticular interest to the laboratory of limited facilities, 
since it gives results which are sufficiently accurate for 
all commercial purposes and requires no instruments or 
apparatus of precision except a current transformer 
whose constants are known. When testing a trans- 
former of one-to-one ratio even this special transformer 
is not necessary. The ratio and phase angle as deter- 
mined by any one of these methods will be termed the 
“affective” ratio and phase angle since they are deter- 
mined from the vector sum of two currents. 

Fig. 8 shows the arrangement for testing a one-to-one 
ratio two-stage current transformer. Two watt-hour 


2. Agnew, Watt-hour Meter Method of Testing Instrument 
Transformers, Scientific Paper of the Bureau of Standards No. 
233, 1914; Craighead and Weller, General Electric Review, 
Vol. 24, p. 642, 1921. 
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meters a and b are each equipped with two sets of 
series coils having the same number of turns as a 
standard five-ampere coil. Each disk is marked in 
hundredths of a revolution. The potential coils are 
connected in parallel to a source of e. m. f. of the same 
frequency as that which supplies current to the primary 
of the current transformer and arrangements should 
be made whereby the phase relations between the main 


Fig. 8—Dracram or Connections ror AGNEw Two-Watt- 
Hovur-Mrter Meruop or Trstine A 1:1 Ratio Two-Srace 
CuRRENT TRANSFORMER 


current J, and applied e. m. f. # can be altered. It is 
not necessary that either of the watt-hour meters be 
in correct adjustment on unity power factor since it is 
shown that the constants of the two watt-hour meters 
do not enter into the computations. In many cases, 
however, the computations are somewhat lessened 
if the two meters are kept in rather close agreement as 
regards their constants. 

When taking readings at low power factors in order 
to determine the phase angle it is desirable that the 
meters be in agreement as regards the angle by which 
the shunt-field flux lags behind the voltage. It is not 
necessary that the flux from each potential pole be 
exactly 90 deg. behind the voltage, but it is desirable 
that the angle be the same in both. For this reason it 
has been found desirable to adjust the meters to agree- 
ment at unity and at some low power factor; say 20 
per cent. 

Three double-pole double-throw switches are pro- 
vided as shown. By throwing the switches first in the 
position A, B,C, meter a is in the primary of the 
transformer with one of the series coils disconnected 
while meter b has its windings connected to the second- 
ary and auxiliary secondary respectively of the two- 
stage transformer. By throwing the switches into the 
position A, B, C, the relative position of the meters is 
interchanged. 

If when the switches are in the position A, B,; C, we 
designate by a, and 6, the revolutions recorded on the 
meters a and } in a given time, and by a, and b, the 
revolutions recorded for the two meters a and 6 when the 
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switches are in the position A, B, C., we have the ratio 
of the transformer 


ny 


if the applied e. m. f. E is in phase with the current Jo. 

If the applied e. m. f. is not in phase with the current 
the quantity under the radical may be termed Rf’, the 
apparent ratio of the transformer, since it is dependent 
not only upon the effective ratio of the currents but 
upon the phase angle as well. 

From the standpoint of computations it is desirable 
to make b, and 5, the same, in which case, neglecting 
terms of second and higher orders, we have 


Ay Ox 


(1) 


Oe bs 


a; — Ao 
2 Ae 


2 


R= '/ 01/4. = 1 + (2) 

When taken at power factors other than unity 
1/R’ X 100 would be the per cent registration which a 
meter would exhibit when placed in the secondary 
circuit of the current transformer if it were correct 
when placed in the primary circuit. Such data would 
be of particular interest to the practical meterman who 
desires to know the effect of both ratio and phase 
angle upon the accuracy of the meter. The curves 
shown in Fig. 6 are plotted on this basis. 

Phase angles are determined by taking readings at 
both unity and low power factor for the same volt- 


CT 


Fig. 9—DiacraM oF CONNECTIONS FOR AGNEW Two-WatT- 
Hour-Mrter Merruop or Testing Two-Stage Current 
TRANSFORMERS OF RATIO OTHER THAN UNITY 


ampere load, using a wattmeter, voltmeter and ammeter 
to determine the power factor as regards the primary 
current and applied voltage H. For this case we denote 
by a1’, a2’, b,’, bs’, the readings corresponding. to i, 


Qo, bi, b. in the test at unity power factor. Upon 
making b»’ = b,’ we have the phase angle 
1 
oe tan | oe R/R’) | (3) 


where R’ = y/ a;'/as’ is the apparent ratio at the low 
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power factor and R is the ratio at unity power factor 
while @ is the angle between E and J). 

This formula gives the phase angle in radians. For 
practical purposes, since the angle is small, we may 
take the angle as equal to the tangent. Doing this 
and multiplying by 3438 to reduce to minutes, we have 


3438 
tan @ 


a= (1— R/R’) (minutes) (4) 

Fig. 9 shows the arrangement for testing a two-stage 
current transformer whose nominal ratio is different 
from unity. The transformer S is used as the standard 
and may be of either the two-stage or simple type. 
If of the simple type there will be no auxiliary secondary 
connections from this transformer to the switch as 
shown. If we let 

R, = ratio of the standard transformer S 

a, = phase angle of the standard transformer S 

R, = ratio of the two-stage transformer B 

Q2 = phase angle of the two-stage transformer B 
then with the same meaning attached to the a and b 
symbols as before 


Ry =RivV/ th ay = (1 + 


Oa Oo 

Ber) (5) 
1 Rs 

tan 0 (1 Seer ne 


\Jta © 


where R, Rs’ = R; V/ ai1'/ay’ is the apparent ratio at 
the low power factor and 6,’ = 6.’ as before. 
From this we may derive the practical formula 
3438 Ry 
( oe eaten. 


Oe =ttan™ [ 


a 


: raaeeag ) + a, (minutes) (7) 


ADVANTAGES OF THE TWO-STAGE TRANSFORMER 


In conclusion it may be well to point out some 
additional advantages of the two-stage transformer. 

From an engineering standpoint it is possible greatly 
to reduce the amount of copper and iron required to give 
results which are at least as good or better than now 
attained in the highest grade transformers produced. 
It is not necessary to have an accurate knowledge of 
the magnetic properties of the iron used. With reason- 
able amounts of materials used the inaccuracy of 
metering due to the presence of current transformers can 
be reduced to a negligible quantity. This is in con- 
trast to the average simple current transformer whose 
accuracy under service conditions often leaves much 
to be desired. Even with a given secondary burden 
it cannot be compensated for all loads and power 
factors, as the curves clearly show. 

The results of a questionnaire sent out recently to 
the large electric power companies by the Meter Com- 
mittee of the National Electric Light Association® 
showed that, “The installation of separate current 


3. Report of N. E. L.-A. Meter Committee, June 1921, p. 
9, 44th Convention. 
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transformers was reported in practically all cases for 
watt-hour meters, while indicating instruments and 
other devices, including relays, are combined on the 
same transformer.’’ The use of one two-stage trans- 
former would give as good or better metering accuracy, 
and would save the cost of the extra transformer and 
the space occupied by it. 

Current transformers of very large range, beyond the 
maker’s facilities for precision testing, can be made with 
the assurance that by having approximately the correct. 
number of turns in primary and principal secondary and 
the exact ratio of turns in primary and auxiliary second- 
ary the ratio will be accurately correct and the phase 
angle negligible. 

Transformers of ordinary construction of small 
number of secondary turns cannot be brought to exact 
ratio because it is not feasible to drop a fraction of a 
turn. This difficulty is absent in the two-stage trans- 
former. 

Since watt-hour meters operated from two-stage 
transformers do not need to be adjusted specially to 
offset transformer ratio and phase-angle errors, the 
work of testing such meters will be simplified and the 
cost of testing reduced. : 

An important possible application of the two-stage 
transformer is in the measurement of the output of a-c. 
generators on acceptance tests. In the case of large 
machines it is customary to stipulate a large penalty 
for each per cent by which the efficiency falls below the 
contract figure, and conversely a large bonus for an 
efficiency superior to that specified. It is therefore 
highly desirable to use current transformers which have 
a constant ratio’ and do not require troublesome cor- 
rections for phase-angle errors. The auxiliary winding 
can be applied to indicating wattmeters as well as to 
watt-hour meters. 

Particularly on high-voltage circuits where accurate 
metering is so desirable the simple current transformers 
of best design show very poor characteristics. This is 
due to the separation of primary and secondary wind- 
ings necessitated by the insulation requirements. This 
is particularly true of the Nicholson air-insulated trans- 
former and the bushing type having low ampere-turns 
and long mean path of flux in the iron. In these cases 
the two-stage transformer will make possible a step 
well in advance of present-day methods of metering 
high-voltage systems. 

Appendix 

In the following discussion the mathematical rela- 
tions underlying the action of the two-stage current 
transformer are established, and a comparison is made 
with the corresponding relations for the simple current 
transformer. In this connection the authors wish to 
acknowledge valuable assistance rendered by Dr. abs 
Silsbee. 

The following symbols will be used: 

I), I,andI, = primary, main secondary, and auxiliary 
secondary currents respectively 
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Xo, X,...X,4 reactances of the several coils as indicated 
by the subscript and on Fig. 1 

Z3 = impedance of main burden plus resist- 
ance of coils 1 and 3 

Zs = impedance of auxiliary burden plus 
resistance of coil 4 

Xo1, X23, ete. = mutual reactances between coils indi- 
cated by the subscripts 

NewNae.. Ne = number of turns in coils 0,1'.... 4 

Ma, Ma = permeability of iron in main and 
auxiliary cores respectively 

Qi, Ms = cross-section of iron in respective cores 

by, Ua = length of magnetic circuit in respective 
cores 

w = 2 7 times frequency 

J = J/-1 

D,, Ds = leakage factors (approx. equal to 1) 

501, Oo3,. .ete. = leakage differences 

Gifs Dy ly 

: ir Qi Mi Dl; 

Kaa = Z;/X,and Z,/X, respectively 

Teay . .CUC. = O34 LEG ta sks 

5 = Z4/X: 

Throughout the development, the currents, 


impedances, and permeabilities will be regarded as 
plane vectors and the final ratio will be obtained as a 
complex number whose modulus is the true ratio and 
whose argument is the phase angle. 

Applying Kirchoff’s laws to the two secondary cir- 
cuits shown in Fig. 1 we obtain 


T,[Z3 +7 (Xi + Xs) | + [a7 Xga = — Log (Xor + X03) 
(8) 
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TI, = 
j Xe (Zs +7 (X1 + Xa) | + Xas (Kor + X 93) 
(Za t+ Xs) (23 +9 (X, + X3) ] + X32 


TO 


(11) 


Now each of the reactances (X,) may be split up into 
anumber of factors so that 


4 
XG Sa bi Ni? Dy 
Hegecaynees 4 yy Net Dy (1 — 53) 
Xin cote ee OED 
cioniencteed aga Vi naan Punt in dele 
Nog oe a NNGD eee 
Tir ae 


ps N,N; D, (1 — 623) 


X04 = gee a bs Nz Ng Dy (1 — 624) 
X 34 = (ay) ea oe bs N3 Ng Ds (1 — 631) 


In these expressions the leakage factors D, and D, are 
those by which the inductances of coils 1 and 4 respec- 
tively differ from those computed from the well-known 
simple formula for uniformly and closely wound ring 
coils. In the case of the other reactances the cor- 
responding differences are allowed for by introducing 
the quantities 6 which are in practical cases small 
compared with 1. 


If we now limit ourselves to the practical case where 


Lj Xset1. (Jat 9X.) = —1[oj Xd (9) N3 = Ns and No = N,, and for abbreviation let 
Solving these two simultaneous equations gives Qs fa Da ly 
d : ce dimD a3) 
Ts aes Te zy a - a a eee as : and also let Lis XG, = 23) Li XG = &%4 (14) 
LP tea SS ae Ee ges 10) we get, on making the various substitutions, the two 
\ equations: 
16) aa Is x 
N N : Ni N bo Neue Oselv 
AT 1— 69+ vc € (— be3 + O31 + Oo — Oza 624) hl E (@y2- he WS) = zs ( Ne = = N, )] 
N32 ; — ; f J = . 2 
1— Ne c(- 63 +2 63, — 633?) =a) [ 2 + (1 — 63+ So 3 (15) 
3 
and 
I,=—Iy X 


Peels ate yee a 
1 


Nat Ni-— Ns Ni 
N, [ N3 N3 


Nae (— 03 aL 2631— 0342) —J [23 + 24(1—63 + 


C (—63—624+623+031— 623021 +63001)— J23 ae (1-5.) | 
3 
N?? 
N3¢ ) 


(16) 


sine — 
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While these separately are very complicated functions 
of the leakage factors and burdens it will be noted that 
the 6’s and 2’s are in practise small compared to 1 
and hence we may neglect the higher powers and pro- 

ducts of these quantities entirely. If this is done the 
division of numerator by denominator may be carried 
out explicitly and we obtain 


hs N N 
Ty = ~ To ay [1 — 80 + 5p ¢ (— Baa + Bu + 
N2 
Bas) — ape © (2 da — 5a) + ae + 
: N;—N 
j (zs +m A a oY i (17) 
N2 N,—N N 
han b Rt | Ny : + B01 — ap 8x + 
N 
Bar + Ap ¢ (B23 — Sai — Sas) + 
N22 
we ¢ (280-53) + . brea 
4 Bey Ne 
j[ 2 a (1+ N3c J (18) 


It will be seen that most of the terms (e. g., 691) of (18) 
are equal in magnitude and opposite in sign to the cor- 
responding terms in (17), which is of course the mathe- 
matical expression for the physical fact that J, has 
very nearly the correct value to compensate for the 
departure of J, from its ideal value of — Ip) N2/Ni. 
If therefore we compute the effective ratio in the 
usual form we get, after a rearrangement of terms 
Fon bala NW, Om + One + 
; oi J E Cc N32 
The corresponding expression for a single-stage trans- 
Ih a Ni 
No 


(19) 


Jive aometieg PON ee E 
(N,— Nz) Ni sale 7 | 
former of the usual type is 


(1 +6n+. a bee 


micas a), | (20) 
A comparison of equations (19) and (20) shows at once 
the advantages of two-stage transformation. Tia 
is made equal to N; then the ratio in (19) becomes 
independent of the secondary burdens, and if in addi- 
tion 63; = dy (i.e. if coils 3 and 2 have equal mutual 
inductances on coil 4) then the ratio becomes constant 
and equal to N;/N2. 
To see in more detail the effect of various conditions 
on the operation of the apparatus we may make some 
further algebraic transformations and must introduce 


some physical assumptions. It is evident from (20) 


that if 6), and z; were constants, ordinary current trans-. 


formers would have a constant ratio and phase angle 
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at any given frequency and burden. Consequently 
the entire variation of transformer ratio with current 
and the main part of its variation with frequency and 
burden are due to the fact that the permeability is not 
constant and the core loss does not vary in proportion 
to the square of the flux density. In the group of 
equations (12) no explicit mention was made of core 
loss but this may readily be taken care of by consider- 
ing « to be a complex quantity having a real component 
proportional to that component of the induced voltage 
in quadrature with the magnetizing current and an 
imaginary component proportional to the core-loss 
component of the induced voltage. The leakage 
differences 6 are roughly a measure of the ratio of the 
air leakage flux peculiar to one coil to the total flux 
which is mainly in the iron. Consequently these 
quantities, roughly at least, will be inversely propor- 
tional to the permeability of the iron. Also the quanti- 
ties z3; and z, involving, as they do, X, or X, in the 
denominator will be inversely proportional to u. We 
may therefore at least approximately set 


O34 = n31/ Ma 
Oona = noa/ [da 
23 = §3/ Ma | 
Nae a | (21) 
Were ti Stabe rite or Sn te Cai, 

es 


Inserting these relations in (13) and (14) giv 
Ratio (two-stage) = 


N: N: 
= ae [1+ (nu — 32 134 ale 


N,-—N;3; ) =| 
N, Ma 


hii 


. ; , N é il 
Ratio (single-stage) = — Ne [1 + (mor — Jj o)- ] 


(22) 


ace 


and 


(23) 
The equations cannot be profitably pushed farther 
than this unless the permeability can be expressed as a 
definite function of the flux density. It may be noted, 
however, that the flux density at which a core works is 
proportional to the net induced voltage per turn and 
varies inversely as the frequency. Consequently 
for high frequencies or small currents and burdens 
u1 will be small but fairly constant while with higher 
flux densities corresponding to lower frequency or 
larger current and burden yp will be larger but will vary 
more rapidly with current. Since the auxiliary core 
has to circulate only the very small auxiliary current 
through the very moderate auxiliary burden, the flux 
density in it is low and p, in equation (22) is fairly 
constant, though small. In the single-stage transfor- 
mer, however, the flux must be sufficient to circulate 
the entire secondary current and p, in equation (23) 
will vary rather rapidly with current. 
The principal gain from two-stage transformation, 
however, is seen by the coefficient of 1/4, in equation 
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(22), which involves only the difference of two nearly 
equal leakage factors instead of a single factor. More- 
over, the main secondary burden does not enter at all 
into the first order terms in equation (22) for the two- 
stage transformer, and the auxiliary burden is multi- 
plied by the factor 
N 1 Fe N 3 
Ni 


which is always small and may be made zero if desired. 

To make N, = N; however in general will make J, 

larger than if N, is slightly less than N;. The conse- 

quent increase in auxiliary flux density and in the 

variability of ws and in second order terms may more 
than neutralize the improvement in the ¢, term. 

Equation (22) shows very clearly the effect of external 
mutual inductance between the main and auxiliary 
secondary circuits, since such an effect is equivalent 
to increasing 73, and will directly destroy the balance 
between 63, and 6.4. This effect is referred to at some 
length in the present paper. 

On the whole it is seen that the errors of the single- 
stage transformer have been reduced to one order of 
magnitude smaller by the use of the two-stage trans- 
formation. This is confirmed by the experimental 
results which show that a transformer which operating 
single-stage has errors of several per cent will on two- 
stage operation show errors of only a tenth of this 
amount, or less. 


(THERMOELECTRIC VS. PHOTOELEC- 
TRIC REACTIONS IN MOLYBDENITE 


Some substances, when exposed to light, decrease in 
electrical resistance. This is commonly called a 
“photopositive”’ reaction. About two years ago, it 
was observed in the Bureau of Standards that when 
certain samples of molydenite are connected with an 
electric battery and exposed to certain wave lengths of 
light (blue, green and yellow) the electrical resistance 
is higher than when the sample is kept in the dark. 
This is called a “‘photonegative’’ reaction. 

At the time this phenomenon was observed, tests 
were made to determine whether the molybdenite 
generated an electric current when exposed to light, 
without an impressed potential, and it was found that, 
if there is such a generation of electric current (whether 
thermoelectric or what might be called a “‘spontaneous”’ 
current), it is too small to affect the above-mentioned 
photonegative reaction. 

Recently, Mr. T. W. Case raised the question whether 
this photonegative reaction is caused by an electric 
current, saying he had found that molybdenite is light 
active, 2. e€., generates an electric current without 
an impressed potential. His method of making the 
test was to explore the illuminated surface (which is 
sensitive in spots) with fine wire electrodes and a gal- 
vanometer or a photophone. Since the thermoelectric 
power of molybdenite is very high, the question 
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arises whether by this method of making the test some 
of the action is thermoelectric. 

In view of Mr. Case’s query, the photonegative action 
in molybdenite was reinvestigated. It was found that 
a small electric current is generated, without any 1m- 
pressed potential, but it is too small to affect the 
photonegative reaction previously observed. 

Concerning the generation of an electric current 
from light, it may be said that numerous samples of 
molybdenite were examined, which generated a small 
electric current without an impressed potential, when 
exposed to light. 

The tests were made by connecting the molybdenite 
with a sensitive Thomson galvanometer and exposing 
different parts of the sample to an equal energy spec- 
trum. It was found that, on exposure to radiation, a 
small electric current is developed which is a function 
of the wave length of the light stimulus and of the 
thickness of the sample. 

The maximum effect is produced by wave lengths of 
0.7 to 0.84, and no effect was produced by wave 
lengths greater than 14. The effect may be “‘photo- 
positive’ -and ‘‘photonegative’ depending upon the 
wave length of the radiation stimulus, just as observed 
when there is an impressed potential. It is, therefore 
an interesting question whether all photoelectrical 
reactions in solids are an amplification of the effects 
produced without an impressed e. m. f. 

The generation of an electric current directly from 
exposure of a substance to light (e.g. cuprous oxide in 
copper formate; probably photochemical) is not an 
entirely new phenomenon. Whether molybdenite be- 
longs to this class remains to be determined. For in 
spite of this apparent selectivity of the reaction to 
wave length of the light stimulus (which can be ex- 
plained on the basis of the variation in spectral trans- 
mission) some of the effects produced by thermal con- 
duction (heat applied directly by touching the molyb- 
denite with a hot wire) make the phenomenon appear to 
be thermoelectric, resulting from inhomogeneity and 
perhaps impurities. 


BOOKLET ON AUTOMOBILE HEAD- 
LIGHTING 

Professor F. C. Caldwell of Ohio University has 
recently written an interesting and instructive booklet 
on the subject of Autobmobile Headlighting. This 
booklet contains an analysis of the problem of auto- 
mobile headlighting, recommendations as to the amount 
of light required for satisfactory headlighting, a review 
of headlighting regulations now existing in Ohio and 
a number of other states, and much useful information 
on the subjects of headlights, headlight lamps, spot- 
lights and lenses. The booklet was written primarily 
for those residing in Ohio, and, therefore, subject to the 
headlighting regulations of that state. Copies of this 
booklet can be obtained upon request, however, from 


‘the Engineering Experiment Station of Ohio State 


University, Columbus, Ohio. 
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Review of the Subject.—In view of the tremendous growth 
of electric power systems it has been realized for sometime by many 
of the larger operating companies that many of the old circuit 
breakers were not adequate for the increased duty. There seemed 
also to be considerable uncertainty as to the actual ratings of many 
of the more modern types. It was realized that this condition was 
largely due to the fact that the manufacturer was handicapped in 
making tests due to lack of power. These circumstances led the 
Consolidated Gas, Electric Light and Power Company of Balti- 
more and the Pennsylvania Water and Power Co. to make a series 
of oil switch tests on their interconnected 13,200-volt, 25-cycle 
power system, cooperating with the Westinghouse Electric and 
Manufacturing Company and the General Electric Company. 

The largest generating capacity used on these tests was 170,000 
kw. Currents obtained vary from 750 to 23,700 ruptured r. m. s. 
arc amperes. 

All of the tests were made by throwing three-phase metallic 
short circuits directly on the system which the breaker under test 
was called upon to clear immediately. Proper protection of the 
system was provided in case of failure of test breaker. 

Three oscillographs were utilized to record the sequence of events. 

A total of about 200 short circuits was made directly on the 
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Baltimore system without any breakdown whatever of the major 
equipment of the two operating companies, and in practically all 
cases without causing more than a momentary voltage disturbance 
to the system. 


The results as described in the papers submitted by Messrs. 
Hilliard and MacNeill indicate that it is possible with proper 
design to build oil circuit breakers which can be relied wpon to 
satisfactorily interrupt large currents on. high-capacity systems 
many times in succession without damage to the breakers, without 
oil throw, and without change of oil or adjustments. 
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HE tremendous growth of electric power systems 
with corresponding increase in size and number 
of generators, feeders, transformers and other 

station apparatus, has thrown an ever increasing duty 
on the switching equipment. Likewise, the modern 
tendency to secure higher efficiency, economy and 
flexibility by interconnection of older systems and 
running all the generating stations in parallel, has still 
further augmented the burden of oil circuit breakers. 
The high degree of reliability and continuity of service 
generally expected, also necessitates high standards of 
oil circuit breaker performance. That not all of the 
oil breakers at present in service were able to meet 
these new demands, has been realized for some time by 
many of the larger operating companies. Older 
breakers were proving themselves inadequate 
for heavy duty, while breakers of later design were 
not entirely satisfactory. Some _ breakers failed to 
clear short circuits, were badly injured or completely 
wrecked, throwing oil and parts around by explosive 
action, with consequent danger to other ap- 
paratus and station attendants. Occasionally even 
serious oil fires would result from the failure of a breaker 
forcing the operators to abandon the station for a time. 
Even when breakers cleared they were frequently 
damaged, requiring the breakers to be carefully gone 
over, repaired, and adjusted and refilled with oil, 
before being put back in service. That is, many 
breakers could not be relied upon to handle more than 
one heavy short circuit without repairs or adjustments 


To be presented at the A. I. E. E. Annual Convention, Niagara 
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of some kind, making them virtually ‘“‘one short” 
breakers. This limitation of the number of times a 
breaker could satisfactorily open heavy currents was 
indeed a serious drawback. 

There has also been considerable uncertainty as to 
the individual performance and rating of the various 
sizes and types of oil circuit breakers. This placed 
the selection of the proper type and size of breakers 
for new services, and design of new stations on a very 
uncertain basis, with little exact information upon 
which to base designs and selection of sizes. With 
the large investments involved, this lack of exact 
knowledge made a most undesirable condition. 

That this situation has existed for some time has 
largely been due to the fact that the manufacturers 
were handicapped in making tests to obtain the desired 
information, by the lack of sufficient power which 
would approximate conditions on actual power systems. 
Tests have been made before, but these were generally 
few in number or involved relatively small capacity, 
as most operating companies were averse to risking 
their equipment in any extended set of tests. Still 
this was necessary as a very important consideration 
is that small generator capacity not only limits the 
short circuit currents to low values, but causes the 
voltage to fall off so rapidly that a breaker opens a 
very low voltage, thus destroying the value of tests 
made under these conditions. 


These circumstances and conditions caused the 
Consolidated Gas Electric Light and Power Company 
of Baltimore and the Pennsylvania Water and Power 
Company to make an elaborate set of oil circuit 
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breaker tests on their interconnected 13,200-volt, questionable whether the breakers actually would be 


25-cycle power system, in cooperation with the Westing- 
house Electric and Manufacturing Company and the 
General Electric Company, which furnished the switches 
tested. Generator, transmission line and cable ca- 
pacity were furnished equalling or. even exceeding 
normal operating conditions. The fact is the currents 
obtained in the tests exceeded those usually met with 
in short circuits on this system. All the tests were made 
by throwing ‘“‘dead” metallic short circuits on the 
entire connected system, which the breaker under 
test was called upon to open. 
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Fig. 1—System Dracram 


Baltimore Gas, Electric Light and Power and Pennsylvania Water and 
Power Companies. 


The Canton substation in Baltimore was selected 
as the best location for these tests for several reasons: 

It is situated about seven miles from Westport, 
_ the main steam generating station of the Consolidated 
Company, and about forty-one miles from the hydraulic 
power plant at Holtwood of the Pennsylvania Water 
and Power Co. and current can thus readily be supplied 
from both of these generating stations over a large 
number of cables and transmission lines, as shown in 
Fig. 1. The current in this way becomes well distrib- 
uted on the generators, transformers and_ feeders, 
without excessive overloading of any individual units. 

Some other locations such as Westport might have 
given higher initial currents, but these would have 
caused the voltage to fall off more rapidly due to 
greater demagnetizing action, thereby making it 
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subjected to a more severe duty than at Canton. 
Actual test results showed the great effect of sustained 
voltage. The voltage at Canton, 7. e., the re-established 
voltage, appearing right after the short circuit was 
cleared was never less than 77 per cent normal voltage, 
even after the heaviest short circuits obtained, and 
on lighter short circuits was practically normal. 

Furthermore available space at Canton permitted 
of convenient arrangement of sheds sheltering oil 
breakers under test outside of the station. These 
also could be located so as to be of little or no hazard 
to either the company’s or other people’s property in 
ease of failure of the switch. It was, also possible for 
observers carefully to watch the tests at a safe distance 
with little danger to themselves. 


CAPACITY OF SYSTEM 


The main steam generating station ‘of the Consoli- 
dated Gas Electric Light and Power Company, 
which is located at Westport, has a generating capacity 
of 127,500 kw. in steam driven turbo-generators, 
of which 87,500 kw. was usually available for tests. 
The generating station of the Pennsylvania Water and 
Power Co., at Holtwood, Pa., has a generating capacity 
of 83,500 kw. in water-driven units. There is also 
one 20,000-kw. steam-driven unit at the Pratt St. 
Station in Baltimore. These three generating stations 
are interconnected through a number of substations, 
giving the system a combined generating capacity of 
231,000 kw. The maximum generating capacity used 
in these tests was 170,000 kw. Canton substation is 
directly connected with the Westport steam station 
by four 26,000-volt submarine cables, banks of trans- 
formers being provided at either end, and is also tied 
to the city network by eight 13,200-volt cables through 
the Pennsylvania Water and Power Co. Highlandtown 
substation. 

As breakers of various rupturing capacities were 
tested, it was necessary to get various values of short- 
circuit current. Also, some tests were made by starting 
in at low values of current. 

To obtain these short-circuit currents of different 
magnitudes the number of generating units was varied 
to some extent, but the main variation in current was 
obtained by changing the cable connection between 
the generating stations and the test bus at Canton 
substation so that even in the case of the minimum 
current used a very large capacity was behind the 
short circuit. From the constants of the system the 
short-circuit current of a large number of possible 
combinations of generators, transformers, and trans- 
mission arrangements were thus calculated and these 
figures used as guides for our set-ups in the tests. A 
typical arrangement used is shown on Fig. 2. It is 
perhaps remarkable to note that these calculations 
came within 5 to 15 per cent of the currents actually 
obtained in the tests at the time of rupture. 
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CURRENTS OBTAINED 


All the tests were made at 13,200 volts, 25 cycles. 
Short circuits ranging from 950 to 30,800 initial r. m. s. 
amperes and from 750 to 23,700 ruptured r.m.s. 
amperes were obtained. The water-power station 
being far removed from the test bus supplied about 
30 per cent of the initial short-circuit current, 70 per 
cent being supplied either by Westport alone or by 
Westport and Pratt St. stations. The maximum 


Generator 
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U.R.Load s 1-20,000 Kw. 
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8 Canton Cables 


1-7,500 Kw. 3-20,000 Kw. Generator 


Fig. 2—Typicat Test ARRANGEMENT OF SYSTEM 


Calculated short-circuit current: 
Initial = 29,400 r. m. s. amperes at 42.2 per cent power factor. 
After 5 cycles = 24.850 amperes at 39.3 per cent power factor. 


instantaneous loads on any of the generators did not 
exceed five times the normal load. Under the heavy 
short circuits, some cables (4 0) carried from 2000 to 
2500 amperes. 

Most of the short circuits were made across all three 
phases and ground. A few were across two phases 
and ground, and several on one phase and ground only. 
After finding that two-phase and single-phase short 
circuits produced severe vibration of turbo-generators, 
they were subsequently avoided. In this connection 
it should be pointed out that in the Baltimore system 
the neutral of all generators and transformers is ‘““dead”’ 
grounded without any resistance, so that in each three- 
phase test it was necessary for each individual phase 
of the oil circuit breaker to clear its own part of the 
short circuit without any help from the other phases, 
as might have been the case in any ungrounded or 
partially grounded system. 


TEST BREAKER ARRANGEMENT 

The general method of testing was to throw a dead 
short circuit on the breaker under test, which was 
set to open instantaneously. Two other oil circuit 
breakers were in series with the test breaker serving 
as protective breakers in case of failure of the test 
breaker, being set for later opening. A separate switch 
was used to act as closing-in breaker exclusively. 
There were thus four breakers in all used in the test 
circuit, which was connected to the system set up to 
give the desired currents. 
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Fig. 3 shows the arrangement of the four breakers 
in detail. The breaker under test was next to the 
short-circuit connection, which provided a metallic 
short circuit between all three phases and ground. It 
was arranged to trip automatically by means of a 
plunger type relay with “instantaneous” time setting, 
the only delay being that due to the inherent charac- 
teristics of the mechanism and relay. This varied 
from three to nine cycles (0.12-0.36 sec.) The closing 
in breaker was non-automatic and was closed by means 
of a switch under the control of the oscillograph operator. 
The protective breakers were operated by Westinghouse 
type CO time element relays. In the earlier tests both 
of these breakers were operated by the same relays so 
that they would open simultaneously. In the later tests 
one of them located in the test shed, was set to open 
in about 10 cycles (0.4 sec.) after closing of the short 
circuit, so as to be the first to operate in case of failure 
of the test switch or other damage. The other pro- 
tective breaker was in the bus structure of the station 
itself, being part of the station equipment, thus acting 
as the connecting link between the test circuit and sta- 
tion bus. It was set so as to open in about twelve 
cycles (0.48 sec.), or a few cycles later than the. other | 
protective breakers. This combination afforded’protec- 
nan Sta] Bus 

ma 

ti sth 


No.83 in Sta: 


Protective; 


SO 


Closing 


Fig. 3—Diacram or Test BREAKER ARRANGEMENT AND 
CONNECTION OF OscILLOGRAPH HLEMENTS 


tion not only against failure of test breaker, but against 
failure of closing-in breaker, or one protective breaker, 
also breakdown or short circuit of leads. Some of 
these different troubles were experienced during the 
tests. Both of these schemes of protection proved to 
be absolutely adequate throughout the many tests, 
as in no case did the protective breakers fail to clear 
the test equipment from the bus in the station. 


TEST SHEDS 
The test breakers were placed in temporary sheds 
about ten feet from the station. Three breakers were 
originally placed in one shed, but as injury to the test 
breaker in early tests was communicated to the others 
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a second shed was built and the test breaker placed in 
it. The general arrangement is shown in Fig. 4. 
Doors were put in the ends of each shack, providing 
accessibility and ease of observation. 

Sheds were built of wooden framework, covered on 
the inside with galvanized corrugated iron as a pro- 
tection against the weather and fires. The floor of 
the first shed was dirt at first, but this was replaced 
later by a wooden floor to which the switches could 
be bolted to keep them from rocking. The floor of 
the second shed only was made of concrete. 


LEADS 


Leads to sheds from the station consisted of lead- 
covered varnished cambric single-conductor cables, 
size 4/0. These were brought to the sheds in tile 
ducts. Leads in the sheds to switches were flameproof 
varnished-cambric, rubber-insulated wire. 

It was learned by experience that the leads had to 
be carefully and securely braced. Magnetic stresses 


Fig. 4—Trst SHEDS 


produced by heavy short-circuit currents caused a 
great tendency of leads to shift and whip, sometimes 
resulting in breakdowns. It was also found that 
very careful attention had to be given to soldered 
joints and connections, as repeated heavy currents 
by heating and pulling action caused defective 
joints to open up with consequent ares, which some- 
times spoiled the tests and often damaged other parts. 
Not only did this pertain to the connections in the 
test sheds but it was also of special importance in the 
leads in the station connected with the test, in order 
to prevent trouble being communicated to the rest of 
the station, as occurred in one case with considerable 
damage. Therefore, in the station proper, all buses 
were carefully gone over and specially braced. Dis- 
connects were also given special attention, in fact, 
some of these were eliminated in any cables which 
carried excessive currents. 
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Fre. 5—OscitLoGraPHs AND CONTROL APPARATUS FOR TESTS 


MEASUREMENT OF TIME, CURRENTS AND VOLTAGE 


Three oscillographs containing three elements each 
were used, thus making a total of nine elements, and 
three films. Each of these generally recorded the 
current in one phase and corresponding voltage to 
ground. In order to provide a common timing curve 
two of the films in addition to their own voltage (to 
ground) also recorded the voltage corresponding to 
the third phase. The third film in addition to its 
phase current and voltage also recorded the ground 
current. 


Potential transformers were connected from each 
phase to ground at a point between the two protective 
breakers, thus providing a measure of voltage across 
each phase of the test breaker, showing in succession 


Fic. 6—LamInatTEep Suunts, 10,000-AMPERE, PLACED IN A 
TRIANGULAR FRAME 
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full voltage before the short circuit, zero voltage and 
arcing voltage during the short circuit, and the re- 
established voltage after the short circuit was cleared, 
thus indicating the action of the various breakers. 
Fig. 5 shows a typical arrangement of these oscillo- 
graphs. 

In some cases it was desired to accentuate the scale 
of the arcing voltage, in which case one potential 
transformer was connected directly across one phase 
of the switch, and oscillograph resistances adjusted to 
give heavy deflection even at low voltage. This put 
excessive currents in the vibrator circuits, so a gold- 
leaf fuse was inserted in this circuit, which blew at 
high voltage which occurred due to complete restoration 
of voltage across breaker contacts on opening up. 
This scheme could not well have been used on all 
phases as it cut out other useful and necessary infor- 
mation obtained with the regular connection. A 
study of the voltage at the are was also obtained by 
making photographic enlargements of parts of the 
oscillograms of voltage waves taken in the regular 
way. 

For current measurements, slip-over type current 
transformers were used by one manufacturer. These 
were put on the line between the two protective breakers. 
The other company used shunts to measure current. 
As the use of these brought the oscillograph elements 
to the same potential as the shunts, these shunts were 
put in the leads at the short-circuited and grounded 
end of the test breaker. To further insure keeping 
this grounded end at ground potential and prevent the 
burning open of this ground, the size of this ground 
wire was doubled, two 4/0 wires beingused. The scheme 
worked out generally satisfactorily, as no markedly 
bad effects were experienced, although shunt leads 
were charred in the conduit several times. 

“In the first tests the shunts were located in the same 
plane. In later tests they were located in the corners 
of a triangular wooden frame with axes parallel to 
incoming current leads, see Fig. 6. Care was taken 
to bring the instrument leads out from the center line 
of the shunts. These instrument leads consisted of 
twisted pairs; an important consideration, as failure 
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to twist these leads in early tests had caused errors 
due to inductance effects. The latest arrangements 
of leads and shunts were made so as to reduce the effects 
of inductance to a minimum; in fact results indicated 
these to be practically negligible. 


Current transformers and shunts each have their 
particular advantages as well as faults. There is some 
question as to how accurately current transformers 
record transient phenomena. Furthermore the par- 
tial saturation of the iron produced by heavy overloads 
during short circuit introduces other errors. However, 
current transformers can carry surprisingly heavy 
overloads with a fair degree of accuracy. It should be 
remembered that the oscillograph itself has but limited 
accuracy. On the other hand shunts record accurately 
transient phenomena. They are, however, subject to 
inductive effects, which can introduce considerable 
error. The uneven distribution of current in these 
may also introduce other, though probably slight errors. 
The ever present danger of putting line voltage on the 
oscillograph is of course a serious objection. 


OSCILLOGRAPH LAYOUT 


In the Westinghouse tests three oscillographs as 
developed by J. W. Legg were used. The special 
features of these oscillographs are described in detail 
in the July, 1920, JoURNAL of the A. I. E. E. and will 
not be dwelt on here, except to point out such outstand- 
ing features as the use of incandescent lamps instead 
of arc lamps as a source of light, and the automatic 
arrangements which make it possible to secure the 
start of the short circuit at the beginning of the film, 
thereby making it possible to use satisfactorily short 
films only 12 in. long. In the G. E. tests, three stand- 
ard G. E. oscillographs were used, all driven from the 
same jack shaft. 24-in. films were used, and the general 
method adopted was to start the oscillograph a moment 
before the short circuit was applied, and then close 
in the oil switch which applied the short circuit to the 
system independent of the oscillograph, both the switches 
controlling the oscillograph and the closing-in breaker, 
however, being under the immediate control of the 
oscillograph operator. 
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ANALYSIS OF OSCILLOGRAMS 

Fig. 7 shows a typical oscillogram. The bottom 
curve represents the current in A phase and the top 
curve the corresponding voltage measured to ground. 
The middle curve represents the above mentioned 
reference voltage (C phase). It will be noticed that 
A-phase voltage becomes zero the moment the short 
circuit current appears, but later on reappears as a 
typical “arcing voltage’, with the well known flat 
are characteristic, corresponding to the instant the 
arcing contacts separate. After a little over one-half 
eycle of arcing the current in this case is ruptured and 
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tion of this method in detail in one particular case. As 
indicated, the current is divided into an a-c. and a d-c. 
component whenever unsymmetrical and the true 
r. m.s. value of current at any moment is obtained by 
combining the effective a-c. component (I...) and the 
d-c. component (J...) in the usual way, 2. e., 
Li etn Dea 

To determine the true r. m. s. value which the breaker 
interrupted, the component parts are taken from the 
films at the moment the are voltage first appeared, 
i.e., at the instant the arcing tips parted. At this 
time in most cases, however, the d-c. component of 
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practically normal phase voltage reappears. By far 
the larger percentage of short circuits seem to break 
the are at the zero point of the current wave corres- 
ponding to the time at which the magnetically stored 
energy of the system is a minimum. Occasionally 
exceptions are found to this rule. Oscillogram Fig. 8 
shows such a case where the are broke about 1/10 
cycle after passing through its zero point. The method 
adopted in determining the r. m. s. current value from 
the oscillograms was the one described in the A. I. E.E. 
paper of February 19, 1918, by Messrs. Hewlett, Ma- 
honey and Burnham on the rating and selection of oil 
circuit breakers. [Illustration Fig. 9 shows the applica- 


the current wave was usually negligible. To determine 
the maximum r.m.s. obtained on the short circuit, 
the components parts were taken at the peak of either 
of the first two half waves, depending on which was 
the largest. Unless specifically stated otherwise, all 
the current values quoted in this and subsequent 
papers refer however to the actually ruptured arc 
amperes and not to the initial amperes. 


EFFECT ON THE SYSTEM 


It may be interesting to note that it has been possible 
to make a total of about 200 short circuits directly 
on the Baltimore system at Canton, many of which 
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involve the largest short circuit obtainable at this 
place without any breakdown whatever of the major 
equipment of the two operating companies, and with 
no more than two serious disturbances resulting to 
the system, one being due to the opening of a discon- 
nector in the station, and the other being caused by 
the burning open of one of the leads in the station at 
its terminal. All of the tests naturally meant momen- 
tary voltage disturbances to the system, and for this 
reason most of the tests were made after midnight or 
on Sunday morning when such momentary distur- 
bances could best be tolerated. In some of the later 
tests the load of a number of the more important cus- 
tomers was also carried on separate generators apart 
from the tests. Inno case did the two power companies 
generators fall out of step, and in only a few cases 
was any of the customers’ synchronous load lost mo- 
mentarily. The most sensitive equipment on the 
system seemed to be the rectifiers used for street lighting 
which frequently would drop out, but as these could 
always be re-started immediately, this was not con- 
sidered of serious consequence. The chief reason for 
the fact that it was possible to make so many short 
circuits with so little serious interference with the sys- 
tem lies undoubtedly in the short duration the short 
circuit was permitted to hang on to the system, usually 
not more than 14 second and never more than 14 second. 
Additional reasons may be the fact that short circuits 
were not made directly at the generating stations so 
that there would always be some voltage left on the 
generators to maintain synchronism, and the fact 
that the system in question is equipped with a carefully 
«designed and adjusted selective relay system. 


CONCLUSIONS 


In the papers presented by Messrs. Hilliard and 
MacNeill the individual performance of a number of 
breakers are described in detail and will therefore not 
be dwelt on here. A study of these papers will show 
that the tests have resulted in marked improvements 
in the design and performance of oil circuit breakers for 
moderate voltage and high interrupting capacity. 
The results unquestionably indicate that it is possible, 
with proper design, to build oil circuit breakers which 
ean be relied. upon to satisfactorily interrupt large 
currents on high-capacity systems many times in suc- 
cession without damage to the breaker, without any 
oil throw and without change of oil or adjustments. 

The tests have also proved that it is possible to con- 
duct a series of tests directly on a modern system 
without damage to equipment and without serious 
interference to its normal operation. It is hoped that 
this fact will encourage other operating companies to 
cooperate with the manufacturers in further improve- 
ments of oil switches of other designs and ratings to 
the benefit of the whole industry. 
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INSTALLING INCANDESCENT LAMPS 
PROPERLY 
From time to time incandescent companies receive 
complaints of lamps becoming inoperative by the loos- 
ing of the brass shell, commonly called the base, from 
the glass bulb. Inasmuch as the operation whereby the 
base is affixed to the bulb receives in the selection, 


formulating and processing of materials the same care- 


ful attention and scientific treatment that is accorded 
other operations in the art of lamp making, it was 
thought that the cause of many basing failures might 
be the imposing of unwarranted stresses when instal- 
ling the lamp. A test was therefore made by one 
lamp manufacturer to determine the stresses actually 
imposed by different persons when installing lamps in 
sockets. 

These tests, in which were employed seventy-seven 
persons of a great number of vocations and of different 
physical strengths, showed that the torque imposed 
by different individuals varied widely indeed. Taking 
the average of the torque values registered for 154 
trial installations as a comparison figure, the torque 
values for the individual. cases where this average 
was exceeded are expressed in terms of this average 
value: 
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These results show that in a large percentage of 
commercial installations unwarranted stresses may be 
commonly imposed on lamp sockets. The higher 
torque values were registered by those individuals 
who, after rotating the lamp into the socket until the 
spring clip on the top contact was depressed, then seized 
the lamp in a full hand grip and gave it a quick final 
turn. It was noted during the tests, however, that 
in practically every case where low torque values were 
recorded, the subject held the lamp lightly, withonly 
the tips of the fingers in contact with the bulb. The 
conclusion was reached, therefore, that this latter 
method was the most satisfactory method of installing 
incandescent lamps. 


Electric lighting companies in England are making 
substantial rate reductions. In some instances the 
new schedules appear to have been developed so as to 
make possible a much broader use of electrical equip- 
ment for domestic purposes, indicating a tendency 
toward the wider use of household labor-saving devices. 


Some Suggestions for Poenible Improvements in Methods 


of Engineering Education 
BY B. G. LAMME 


Member, A. I. E. E. . ; 
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Attention is called to the fact that very few of those who take engineering courses in the colleges are fitted by previous 
mathematical training to take up the work properly. Suggestion, therefore, is made that all engineering courses drop 
back into the more elementary mathematics during the first year, in order to give a thorough drilling in the practical use 


of such mathematics, with a view better to fitting the students for more advanced work. 


Tt is believed that with this elemen- 


tary training the students can make much more rapid progress in their advanced work, not only in engineering work, but in 


physics, mechanics and various other related lines. , 


Moreover such a course would assist the schools in eliminating those who are totally unfit for engineering work, and 


thus overcome one of the most serious defects of the pr:sent technical courses. 


The application of mathematics to prac- 


tical work shouldbe taught much more thoroughly than at present, but that appears to be impossible under the present 
circumstances where the students have a very incomplete elementary training. 


T may be that all real engineers are born engineers, 
or, on the other hand, it may be that the necessary 


fundamental traits are acquired 7n very early child- - 


hood. The personal experience of the writer, based upon 
intimate knowledge of hundreds of variously trained 
engineers, indicates that the real engineering traits 
are not acquired, to any great extent, in later child- 
hood. But it is possible, in some few instances, that 
the necessary traits are present in early childhood 
but do not come to the front until later. However, 
in practically all cases of successful engineers, within 
the writer’s experience, these traits were easily recog- 
nizable in the very early years. In fact, of the ma- 
jority of the cases it might be said that the successful 
ones were about as good engineers at six years of age 
as at twenty-six, taking into account their relative 
knowledge and training at those respective ages. As 
to these traits being acquired in very early childhood, 
a leading engineer and educator once remarked— 
“The child may get some kind of a fatal twist or kink 
which starts him in a certain direction, and he keeps 
on growing that way.”’ This is not at all unreasonable. 
The small boy who can “do” things or can “‘fix” things, 
naturally is called upon by his associates to do much of 
the fixing and mending that is required for their 
playthings, etc. In consequence, he gets all of the 
practise and becomes relatively more experienced 
than his playmates. The same thing may be said of 
mathematics. The small boy who becomes “handy 
at figures” is very often called upon for assistance by 
his schoolmates and playmates, and, in consequence, 
he does the helping while the others are helped and 
he thus gets ahead of them. Once in the lead he finds 
such things are easier for him and he more or less 
follows the path of least resistance. Thus whether 
the necessary traits were born in him, or are acquired 
in very early childhood, the natural tendency is toward 
cultivation, or exaggeration, of these traits through 
the normal activities of the child. 
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great advantage over others, 


Two of the most valuable traits that a small child 
can have is the ability (1) to use his head, and (2) to 
use it in a more or less quantitative way. By the latter 
is meant that a child with a quantitative sense has a 
Apparently this sense 
can be cultivated and quite highly developed in early 


childhood by proper direction, and here is probably 


where the real training of the engineer should begin. 
From the writer’s own observations, and from dis- 
cussion of the subject with many others, he is firmly 
convinced that one of the best trainings that the child 
could have is the old-fashioned kind of “mental arith- 
metic.” This seems to have been largely abandoned 
in recent years, due doubtless to the inability of the 
teachers to handle it properly. Mental arithmetic, 
if properly taught, develops quickness in thinking, 


and also a quantitative or numerical sense which is. 


of utmost value in later years. In fact, a numerical, 
or dimensional, or quantitative sense, whatever you 
want to call it, if highly developed, is one of the greatest 


assets that an engineer can have, and it is doubtful 


whether this sense can be acquired properly except in 
comparatively early years. The man with a quanti- 
tative or numerical sense can see relationships and can 
reason from cause to effect to a degree, in some cases, 
which seems uncanny to one not possessing this trait. 

Obviously, therefore, one of the first great errors 
in our engineering education is the improper or insuffi- 
cient training in the earlier years, and it is impossible 
to estimate what an enormous handicap this puts upon 
the colleges. The earlier training too often tends to 
suppress imagination and independent. methods of 
thinking. The child is taught to do things by rule, 
and if he happens to develop, through his own origi- 
nality, a new method of solving a problem, for instance, 
in his school work, far too often he is criticised instead 
of being commended. The arbitrary methods of 
teaching by fixed rules, by some incapables in our 
public schools, is one of the curses of the country. 
The old-fashioned country schools with a single teacher 
who handled the entire work, quite often developed 
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stronger mentalities than the modern 
much higher class schools. ae ay 
It must be, and probably is, well recognized that the 
colleges can only cultivate existing traits, but cannot 
create new ones. As a prominent educator once said, 
“You can hatch only a gosling from a goose egg.” 
The colleges, therefore, are handicapped in attempting 
to create traits and characteristics, in many cases, 
They are asked 
to build engineers out of non-engineering material,—an 
impossible task. Even with the modern supposed 
improvements in the public schools and high schools, 
the requirements of good engineering material, as far 
as the colleges are concerned are worse than they were 
some years ago, simply because of the enormous growth 
of the college population within the past few years 
has brought in many men of less suitable character- 
istics and traits than in former years. It has seemed 


to the writer that, many years ago when engineering — 


education was less popular than at present, a fairly 
large percentage of those who sought an engineering 
education were men who had the “urge’”’ or “‘call’”’ for such 
work. Very often these were men who recognized that 
engineering was their life work, and who realized quite 
fully that an engineering training would be of great 
assistance to them. «Such men very often were the 
outstanding younger men of their generation. Such 
men are also to be found at present, but it is ques- 
tionable whether they have grown in numbers propor- 
tionally any faster than the total population of the 
country, whereas the technical school population has 
grown probably ten times as fast. If such assumption 
is reasonably correct, then the technical schools are 
being very greatly diluted, or adulterated, by those 
who may be classed as the unfit, in the true engineer- 
ing sense. If such is the case, engineering educa- 
tion is bound to be on the down-grade sooner or later, 
unless steps are taken to correct the evil. The insol- 
ubles, so to speak, must be precipitated. Here is a 
truly big problem. The unfit in engineering may be 
the fit in something else and naturally we do not 
wish to prevent any one from getting a college edu- 
cation when he really desires it. At the same time 
those who “‘belong” in a given technical course should 
not be handicapped by those who do not belong. 
Otherwise, as the writer has stated repeatedly in the 
past, the training tends naturally toward mediocrity, 
for the poorer men are a drag upon the better ones. 
In fact, if the course is laid out for the average 
man, the less able students will have to work much 
harder than the better ones, whereas the more capable 
students, or those of stronger mentalities, should be 
the ones who receive the most drastic training, for 
our future engineering development depends very largely 
upon them. These should be trained to the utmost, 
and this is not possible, with many of the technical 
courses, as now constituted. This condition is well 
recognized in many.of the schools and various attempts 


are being made to rectify it. As one prominent pro- 
fessor stated recently,—he has arranged his courses 
in two sections, one of which embodies the ‘‘slow 
freights’”’ and the other the “fast expresses.”” In the 
former are included those with insufficient ground-work, 
or who are not capable of keeping up with the latter 
division. If any student in the ‘‘slow freights’” is 
able to speed up sufficiently to keep pace with the 
“fast expresses” he can be transferred. This arrange- 
ment is an incentive to the better class of men, and, 
to a certain extent, removes the handicap previously — 
described. Other schools: have proposed so called 
‘professional’ and “‘non-professional’’ courses. The 
professional courses would take in those who have real 
aptitudes for engineering, while the other would in- 
clude young men who desire a technical education for 
general purposes, but who have no strong call for 
true engineering. 

As stated at the. beginning of this article, the 
necessary traits of the real engineer are usually 
to be noted in early childhood. This should really 
form one of the deciding points in selecting those 
who should take the better engineering training, or 
who should be given the preference in such work. 
Such traits, along with a certain amount of mathe- 
matical skill and ability are necessary in real engineer- 
ing, and, therefore, these should be given preference 
in the decision as to whether the young man is to take 
up an engineering course or not. This brings up the 
subject of mathematics, upon which something per- 
tinent can always be said. 

As has often been said in the past, one of the 
principal weaknesses of the engineering students lies 
in their inability to use ordinary every-day mathe- 
matics. Here and there one or two can really use their 
mathematics in a common sense way, but such cases 
are quite rare, based upon personal experience with 
large numbers of especially selected college men. 
Such criticism has often been made, but, in itself, 
does not help materially except to call further atten- 
tion to what is already fairly well known. The writer 
is now going to suggest a partial remedy, which many 
educators may consider as unduly radical and a big 
step backwards, but which, in the end, should mean 
greater progress in the right direction. A step back- 
ward is all right at times, especially in those cases 
where one is going in the wrong direction; and, appar- 
ently, at present, many of the college courses are 
going in the wrong direction in their mathematical 
training. 

The suggestion is embodied in the following: A 
great majority of the college men, in the technical 
courses, have had their preliminary training in algebra, 
geometry and trigonometry in the high schools, and 
such training as experience shows, is totally inadequate 
as a basis for the future work of the engineer. It 
is inadequate largely from the fact that only one 
student in possibly twenty-five ever sees or is shown 
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any real use for algebra and trigonometry. It is a 
study with him purely, and real practise does not enter. 
This condition is more or less inherent in the high school 
training, and such training, therefore, should not be 
accepted as a basis or foundation for future solid tech- 
nical training. The suggestion is this,—that the engi- 
neering courses in college, especially the mechanical 
and electrical engineering courses, should drop back 
one year in their mathematics. This suggestion may 
raise a cry of protest, but nevertheless, it will appear 
that in the long run this dropping back is more imagi- 
nary than real. What is meant is that the first year 
in college should take up again the purely elementary 
algebra and trigonometry, as now covered by the high 
schools, but with the difference that this first year’s 
work should largely consist in the application to prac- 
tical problems. If the student cannot learn to use 
algebra and trigonometry practically and skillfully, 
in their elementary forms, he cannot expect to use 
them intelligently in their more advanced forms, such 
as in the calculus and other work. Therefore, as said 
before, this first year in mathematics should be ex- 
pended largely in purely elementary algebra and alge- 
braical trigonometry, involving the necessary small 
amount of theory and a great deal of practise in the 
form of various problems. These problems should be 
of such a nature, in many cases, that the elementary 
algebraical and trigonometrical expressions are not 
already formulated, but the problem should be of a 
descriptive nature, requiring the student to develop 
or formulate his own equations. Herein lies a great 
weakness of the students. Many of them can handle 
equations already set down for them, by following 
certain fixed rules which they have learned, (this is the 
mechanical part of mathematics) but many of these 
same men cannot possibly formulate the problem in 
the first place. 

The result of this teaching would be far reaching. 
In the latter half of the freshman year, for instance, 
the class could be led gradually into more difficult 
problems, involving more advanced algebra and trigo- 
nometry of a practical nature, and by trigonometry 
is meant analytical or algebraical rather than simple 
plane trigonometry. In this way the student can 
gradually be led into the more difficult work by easy 
stages and he will acquire, if he is at all capable of it, 
a broader understanding of the general principles of 
elementary mathematics. He will build up a founda- 
tion for his future mathematics especially from the 
practical standpoint,—and engineering primarily is 
built upon practical mathematics. 

In the teaching of practical mathematics, however, a 
distinction should be made between what one of the 
writer’s old-time professors used to designate as 
“mathematical gymnastics” and “horse sense mathe- 
matics.”’ By the former he meant the kind of mathe- 
matics where everything was carried into mathematical 
formulas, ofttimes of more or less complex nature, 
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when the use of a little “horse sense’? would have 
allowed the result to be obtained directly with no 
equations whatever. Such spectacular exhibitions of 
mathematical symbols are too often considered as the 
primary object in view. Too often also, the actual 
result which is striven for, is entirely hidden by the 
mathematical machinery used in producing the result. . 
The students should become imbued with the fact that 
their mathematics are simply attacking tools or weapons 
and that an exhibition of the tools themselves is not 
of first importance. They should also be taught to 
understand that really good mathematicians very often 
can, and do, reacM the desired results with but little 
or no evidence of the merely mechanical part of their 
work, and that mathematics really must be considered, 
in general, as simply a very effective mechanical aid 
to our methods of reasoning. For instance, one can 
take a physical fact and express it in mathematical 
symbols and then by rigid mathematical operations 
may transform the formula into some different one 
which expresses another physical fact. The mathe- 
matics here represent simply accurate or rigid methods 
of reasoning from one fact to another related one. 

Returning to the subject, an important result of this 
first year’s training would be that it would assist the 
teachers to separate the capable from the incapable, 
in the engineering sense. Those who prove totally 
unable to grasp the practical application in the early 
and easy stages of the work could then be weeded out, 
so to speak,—that is, they could be transferred to 
other courses where practical mathematics are less 
needed. Those who are mentally capable in practical 
mathematics but who have had a very poor foundation 
in their previous training, would have an opportunity 
to catch up and thus would suffer no handicap in 
their later work. This would be a great step in the 
right direction, and one of the great advantages which 
would accrue from such training would lie in the 
weeding out of the unfit from the engineering courses 
proper, as stated before. This would be a very great 
step in advance, as it would remove the present great 
handicap which the lagging classmen impose on their 
more advanced fellows. 

It was suggested, as a first step, that the engineer- 
ing schools drop back a year in mathematics. How- 
ever, upon reaching the second year in the engineering 
classes, it is the writer’s opinion that the survivors of 
the abeve first year of training could handle their 
mathematical: subjects, as well as physics and other 
subjects, in so much better manner that, by the end of 
the second year they would actually be farther along 
mathematically than with the present course of train- 
ing, due to the fact that the fundamental training is 
so much better. Unquestionably with a training of 
this sort, those who take up studies requiring analy- 
tical work of a mathematical nature, for instance, 
would obtain a far better grasp of the subject, and in 
many other engineering subjects they would tend to get 
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at the fundamentals far better than is possible under 
the present training. With such a course of training 
the average engineering student, by the end of Ne 
senior year, should havea far greater practical sense than 
he has at present, due to the fact that hisknowledge of 
physics, mathematics, mechanics and electrical phenom- 
ena, would have a foundation of practical mathematics. 
In the writer’s experience with large numbers of the 
higher grade college students, he has found that no- 
thing tends to develop their active thinking powers like 
practical or applied,mathematics. This teaches them 
to think accurately and rigidly; it teaches them how 
to formulate general statements in concise form; it 
teaches them how to pass more directly from cause to 
effect; and it shows them how to pick out defects in 
their own reasoning and analysis, whether it be of a 
mathematical nature or otherwise. In other words, a 
good practical mathematician does not appear to be 
able to “‘fool himself’? into thinking certain things are 
so or not so, as easily as is the case with other kinds of 
people. Again a mathematical mind, of a practical 
nature, has the ability for bridging across between 


apparently disconnected points and for obtaining short 
cuts to results, such as are not possible with other types 
of minds. This is why the writer argues so strongly 
for practical mathematies as a basis for true engineering. 
Men so trained possess tools which enable them to 
obtain quickly and accurately, results which others 
ean only reach by roundabout methods as already said 
in other words. ) 

In the proper engineering education, other lines of 
endeavor than mathematics are also needed, in order 
to broaden a man, but one essential ingredient is a 
broad fundamental training in practical mathematics, 
and without this it is hard to see how a high grade 
technical education is possible. Without this, schools 
may turn out engineers in name, as is so often the case, 
but engineers in fact cannot be turned out without a 
working. knowledge of mathematics, which, as already 
said, is to a great extent the basis of all engineering. 
Therefore, let us put more work on this part of the 
foundation in order that the whole structure may be 
more substantial. 


~ Education 


BY 8S. E. DOANE 


Fellow, A. I. E. E. 
€hief Engineer, National Lamp Works, Cleveland, O. 


The author points out that a college course should turn out men who have acquired habits of clear thinking, concen- 
tration, perception, observation, and decision. These men should have some knowledge of the details of the subject on 
which they plan to specialize in later life, but this knowledge is purely incidental and is acquired in illustrating the broad 
principles which are useful in all phases of engineering education. It doesn’t really matter much on what a young 
man thinks he will specialize when he leaves school, if he has clearly in mind that the purpose of education is to train 
his mind to enable him to acquire as much fundamental knowledge as possible, and also to acquire an incidental 


knowledge of the specific applications of such fundamental knowledge. 
The obvious point to the paper is that mental training 1s the principal thing, assuming, as a matter of course that 


physical and moral training are sufficient to physically support an active mind. 


The man has well begun his education who has acquired the inclination and the ability for self study and develop- 


ment, and who graduates with the thought that he has merely begun a lifetime of self education. 


has served its purpose if it has given him a good start. 


His college education 


The author suggests that the instructors in our colleges should be given an opportunity thoroughly to acquaint 
themselves with the industry for which they are training men by spending one year out of three in industry, the other 


two years to be spent in teaching. 


HE chairman of the Educational Committee of 
this Institute, Professor Magnusson, has in- 
vited me to define my views on Engineering 

Education. He has suggested that, “if engineers 
would * * * frankly state their views on the training 
or lack of training given engineering students, and offer 
constructive suggestions for improving the college 
trained engineer, much of value might be gained.” 
During my thirty-five years in the electrical industry, 
it has been my privilege to know several hundred col- 
lege men. Many of these came to work in my depart- 
ment directly upon their graduation. Practically 
every engineering school in the country contributed 
its quota. My long association with these men has led 
me to form certain opinions regarding the training 


they received, and the training which I think they 
should have received, which I shall attempt to outline 
in this paper. 

‘The purpose of education is to cause the person who 
is being educated to acquire experience of others. 

Generalities of the character which must be con- 
sidered in a paper uf this sort can only apply to men 
who are normal physically, morally and mentally. It 
is my observation that those who stand high in all 
these qualities will do best as engineers. 

I would, therefore, if I had charge of the destinies 
of the average college, aim to so sift out my applicants 
that the majority of my students would be men above 
the average in these three fundamentals. 

I would eliminate those who are weak in any one of 
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the three fundamental requirements without ere 
to their strength in other qualities. Mind you, | am 
talking now about the general engineering training. 
There are many men who are weak in body who can 
qualify for brilliancy of effort and become highly 
trained specialists. In my judgment, these men find 
~ no place in a standardized program. If I were con- 
‘sidering how best to educate a particular individual 
who was weak in any one of the three, I would never 
advise him to take a general course of engineering. 

He might, however, become a great success in life in 
some highly specialized effort because of very superior 
mental attainment. Let us assume that we are train- 
ing the average engineer and that he is well balanced 

- physically, mentally and morally. 

‘The college should perform six functions. 
offer directly: 

1. Instruction in engineering knowledge. 
might be subdivided into the teaching of 

a. Fundamentals 
b. Specific applications. 

2. Instruction in non-engineering subjects, such | as 
English, Economics, Law, ete. 

3. Instruction and training in hygiene. 

It should also make adequate provision for: 

4, Inculecation of habits of clear thinking, concen- 
tration, persistence, observation, decision, imagi- 
nation, etc. 

5. Infusion of principles of fairness, unselfishness, 
tolerance, refinement, courtesy, etc. 

6. Formation of friendships. 

Obviously, no special courses to teach clear thinking, 
concentration, persistence, observation, decision, etc., 
can, or need, be given. It nevertheless appears to me 
that these qualities should be taught. This may seem 
paradoxical, but what I meanisthis. Every instructor, 
in teaching a subject, knows that he is teaching more 
than just that one subject. He knows that he is also 
conveying lessons in perception, efficiency, decision, 
and so on, as a part of the more specific study. For 
example, in teaching drawing he emphasizes accuracy, 
neatness, observation, ete. 

The point I want to make is that emphasis, during the 
regular coursé of study, should be placed upon the 
characteristics which contribute so largely to the future 
success or failure of an engineer. If the instructor 
will always bear in mind that he is teaching more than 
the facts or principles involved in a particular subject, 
he will do much to mould his students into efficient 
and productive contributors to the common good. . 

- In addition to the ‘concurrent courses” in the class 
room, it would seem that a great opportunity exists to 
develop these qualities during physical training. It 
is apparent that many of the sports which are so popu- 
lar in this country (and which I believe have contribu- 
ted toward making the American what he is) are ca- 
pable of developing these habits. Take tennis, for 
example. Tennis will develop promptness of decision, 
quickness of thought and concentration. Indeed, the 
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game cannot be well played unless the player possesses 
these qualities to a marked degree. 

Many of these things which have just been said also 
apply to the infusion of principles of fairness, unself- 
ishness, tolerance, refinement, courtesy, etc. The 
instructor must stress these qualities at all times, but the 
greatest training will come, not from the instructor, 
but from contact with one’s fellow students. It will 
also come indirectly from better developed minds and 
better developed bodies. It will come from the exer- 
cise of the qualities which were previously mentioned— 
observation, decision, concentration, etc. It is obvious 
that a man with a well developed sense of observation 
and perception will very easily learn what is proper 
in the way of courtesy, refinement, tolerance, etc. A 
man who can think clearly is not likely to be bigoted, 
or unfair. 

The sixth value of a college education lies in the 
opportunity it offers for the formation of friendships. 
This needs no special reservation of time in the 
college curriculum. The constant association with 
fellow students, the common purpose, the similarlity 
of ideals and ambitions, a school spirit—all these go far 
toward making college friendships lasting and sincere. 
_ We are now left with the problem of dividing the 
student’s time and effort among engineering instruction, 
non-engineering instruction, and physical training. 

My experience has led me to believe that a person’s 
physical characteristics play a great part in what he 
can, and will, do. If they are good they serve as accel- 
erators; if they are bad, they are handicaps. 

It would seem to me that such time should be 
devoted to’ physical training, hygiene, etc., as would 
best meet the needs and requirements of the normal or 
average college man. This is a rather vague statement 
but I hesitate to make it more specific. 

I do believe this, however, that more physical 
exercise, by a great many who are now in college, would 
result in great benefit. There are many students who 
are so intense in their desire to acquire knowledge that 
they cram their minds at the expense of developing 
their bodies. 

Having allowed time for exercise and recreation, 
how much time should be allotted to non-engineering 
instruction and how much to engineering? How much 
of the latter should be devoted to fundamentals and 
how much to special applications? 

Broadly speaking, I would say that the college man 
should have sufficient non-engineering training to 
enable him to express himself clearly (both orally and 
in writing); to give him a fair knowledge of economics— 
of the principles which govern our daily life; to offer 
him at least a speaking acquaintance with the laws by 
which we are governed in our relations with our fellows. 
He should be taught the principles of ordinary business, 
such as the rudiments of accounting, methods of com- 
puting costs, ete. 

This may seem to be a large assignment, but such a 
program of non-engineering education should not be 
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allowed to consume very much time. It is not neces- 
sary to go into any of these subjects very deeply. It 
issufficient to touch upon their more important features. 

Some of this non-engineering education may be ob- 


tained in connection with the engineering courses. 


Clear expression and good composition should be as 
definitely required in written work on any engineering 
subject as knowledge of the subject itself. 

The greatest problem in allotting time and effort 
among the various aims of the college engineering edu- 
cation arises in considering whether fundamentals, or 
specific applications, should be emphasized. 

- Some claim that a good knowledge of the fundamen- 

tals of a subject (though not necessarily the most thor- 
ough kind of knowledge), followed by a thorough 
training in typical applications of these fundamentals, 
will be of greatest benefit to the student. They claim 
that the knowledge of certain specific applications of 
the fundamentals in practise will enable the student, 
by analogy, to best meet his needs in later life. 

Others, and I believe they are now in the majority, 
believe that a very thorough knowledge of the funda- 
mentals involved in engineering practise, and less 
acquaintance with the applications which have been 
made thereof, would be preferable. This is my belief. 

The stressing of application leads to specialization. 
No student really knows exactly what he will do after 
he leaves school. Those who specialize while in school 
may find themselves doing something entirely different 
within a short time of their graduation. As the result 
of specialization many discover that studies which 
they had neglected, because they did not consider 
them of practical value in the field they intended to 
enter, were really of the utmost importance and value 
in the field they really entered. 

In reading over the suggestions summarized by 
the chairman of your committee, Professor Magnusson, 
it seems to me that many of us expect too much from 
the immature youths from our colleges. 

In all of this summary the reply of Mr. Lamme is 
most directly parallel with my own judgment. It 
seems to me that there is only one of the three funda- 
mental assets that we can hope to find fairly well 
rounded out. A man reaches physical maturity at an 
earlier age than he will reach either his moral or mental 
maturity. 

He should be physically fit and should know how to 
keep himself fit when he graduates. 

He should be well advanced toward his moral ma- 
turity and should be well grounded in his habits to 
the end that he will maintain a high moral standard. 

His mental equipment will be the farthest from 
development. When he graduates I think he should 
have the following mental qualities: 

He must know how to study and should face the 
fact that he must be a student, throughout the re- 
mainder of his life, 

a. Of knowledge 

b. Of mental technique. 
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Under “‘a”’ he must know the fundamental laws and 
statements of fact of physics and chemistry. The so- 
called laws which an engineer must learn are, many of 
them, beyond explanation and must be accepted as 
statements of fact. Quantitative ratios must be under- 
stood. For illustration, a man should know broadly 
the qualities of materials, ratios of speeds, and the 
values of time in the quantitative sense. 

My feeling is that while specialization in college 
avails little and that to attempt to teach a man in 
college anything specific, such as to design generators 
or motors, is almost useless, at the same time the prin- 
ciples of design can be taught as illustrations of the 
use of fundamental laws. At the time the man is 
acquiring his acquaintance with a law he also is obtain- 
ing a useful and sufficient illustration of its application. 

I believe all specialization should come after gradu- 
ation. tay: 

It is my belief that it will be found to be impossible 
to so define courses of study that we shall feel that our 
problem has been solved without approaching it from 


quite another angle. 


I think that we will ultimately agree that these 
courses must be laid out understandingly by the edu- 
cators themselves. How can these men do this with- 
out some experiences similar to our own? 

How can these instructors, these teachers who have 
had no practical experience, plan to teach their students 
the things which those students will most need after 
they leave college, the knowledge which will be of 
greatest value, the details which will be of most use? 
How can they train their students best to meet the 
problems they will encounter, and the obstacles they 
will have to overcome, after they leave school, if they 
do not have clear ideas as to the form and character 
which these problems and obstacles will assume? 

Thoughts of this kind have led me to suggest to 
several of my friends, who are directing educational 
work in colleges, that we should take these college 
instructors into industry for a period of time. 

There are laboratories—excellent laboratories—in 
many of our large industries throughout the country, 
and upon the staffs of these laboratories are to be found 
some of the most eminent scientists and engineers in 
their respective lines. They are constantly at work 
seeking to add to existing knowledge. They are 
making important discoveries. 

The plan which I have in mind—which is in an 
unfinished form, and which I know can bear much 
development—is roughly this. I suggest that the 
instructors in our engineering schools spend one of 
every three years in industry. Place these men in the 
laboratories of our great industries, in their research 
departments, in their engineering departments, in 
their manufacturing departments, perhaps in their 
commerical departments. 

Allow them to acquire an intimate knowledge of 
the application of fundamentals in every field. Ac- 
quaint them with the latest methods and means by 
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which these fundamentals are utilized in actual prac- 
tise. Permit them to breathe the atmosphere in which 
their students will later have to work. Give them an 
opportunity to acquaint themselves with the actual 
requirements which will be expected of the college man. 
Introduce them to the general nature of the problems 
with which their students will have to deal. 

If the instructor can learn all these things, I am 
quite sure that the men who are sent out from the 
engineering colleges will be benefited beyond measure. 

As I think of this proposal, I can conceive that the 
National Lamp Works might be able to use one college 
instructor every year, who would obtain a thorough 
acquaintance with modern practise in electric lighting 
and allied fields while earning his salary at productive 
work. 

At the end of three years the instructor, who has 
spent a year in the electric lighting industry, followed 
by two years of teaching, would be released to devote 
a year to some other industry related to the subject he 
teaches. Three years later he would go to still another 
industry, or branch of industry, and so on. 

During all this time, the instructors will learn to 
view the subjects they teach from new angles. They 
will become better able to emphasize the importance 
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of any particular phase that their industrial experience 
has shown them to be important. They will be able to 
observe their own work in more accurate perspective, 
and their results will be of correspondingly greater value. 

It may be argued that an acquaintance with one 
particular industry once in three years will not enable 
all, or even most, instructors to keep up with modern 
practise in that industry. It is my thought, however, 
that the men who return from a year’s experience in 
industry will convey their impressions, and will im- 
part their new knoweldge to their colleagues. 

The acquaintances which these instructors obtain 
during a year in business will continue throughout 
a life time. Through these they will maintain a very 
desirable contact with the field. 

A procedure, such as the one I nen so. roughly 
outlined would probably have to be worked out over a 
period of years. As I have said, it requires consider- 
ation by those who are in intimate touch with the 
deficiencies which it is desired to remedy. Perhaps I 
am too optimistic of the results which .it may accom- 
plish. Possibly the same results may be obtained by 
other, and more desirable means. 

In any event, my suggestion is offered for whatever 
it may be worth. 


Principles of Engineering Education 
BY PHILIP TORCHIO 
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The college training should be directed to imparting to the students the fundamentals of all physical sciences. 


Ele- 


mentary calculus and analytical geometry should form the ground work to equip the pupil with the tools for analytical 


study of the problems of engineering applications. 


The sound.study of a foreign language is of vital importance to broaden the education of an embryo engineer. 
course of study that disciplines the mind is beneficial to the student. 


N the greatest task of educating the youths of the 
nation, elementary and preparatory schools labor 
under extreme difficulties in securing moderates 

success in disciplining the pupils’ minds for concentrated 
work and independent investigation. The college is 
thereby handicapped but, in an engineering college, 
this deficiency should be easily made up if the technical 
subjects are properly taught, remembering that “Any 
course of study that disciplines the mind is beneficial to 
the student. Anythingthatis easy does not discipline.”’ 
The college cannot make engineers; it can only 
build the foundation on which the graduates will erect 
the structure of their careers. For a solid foundation, 
the young man should be thoroughly trained in the 
fundamental laws of physical sciences and the units 
of measurements and their equivalent relations. He 
should also be made familiar and conversant with the 
use of elementary calculus and analytical geometry as 
later applied in the study of mechanical, electrical, 
and other subjects in the curriculum of engineering 


Laboratory work and drawing serve to solidify the theoretical ideas. 


Any 
Anything that is easy does not discipline. 


courses. These should include the physical and mathe- 
matical analysis of elements of mechanical structures, 
thermo-dynamics, flow of water, air and steam, laws of 
motion of bodies, radiation, transmission and transfor- 
mation of energy, electrical and magnetic phenomena, et 
cetera. “It is better to see one thing than to look at a 
hundred. It is better to conduct a student to the 
inner chamber of one fact than to take him on a trip 
seeing greater knowledge.”” The only fitting time for 
mastering these fundamentals is during the college 
years, when the mind is receptive and reposeful, and 
the aid of the teacher is at hand. | 

The laboratory work should be planned to give the 
pupil an insight of the theoretical facts applied to 
practise. For the same object, it may be beneficial 
that, in the drafting room, each student or group of 
graduating students should make to scale detail draw- 
ings of a different machine, with accompanying cal- 
culations of the important elements affecting its con- 
struction. Besides this machine drawing, each group 
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should make a detail project layout of an industrial 
installation for an assumed definite production or 
service, like a cotton mill with electric drive, a coal 
skip hoist, a mine mechanical equipment, an ice plant, 
a shoe factory, a power plant, a transmission line and 
substation, et cetera. The benefits accruing to the 
whole class from these different projects are great, not 
only for what each student absorbs and makes inti- 
mately his own from the close study of the details of 
his project, but also for what he learns by the inter- 
change of thoughts and ideas with the other students 
who naturally fall into discussing with each other the 
features of their respective problems. Such discussions 
open their minds to widely different engineering prob- 
lems and broaden their views in correlating the impor- 
tance of these factors. 

In addition to these studies, the pupil should pursue 
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the study of a foreign language, like French, Italian or 
German, so that he can read and write it fluently, 
and possibly speak it with facility. I cannot empha- 
size these advantages too strongly. I do not know of 
a more broadening, instructive and inspiring education. 
My conclusions are that “‘it is not so much knowing 
a whole lot as knowing a little and how to use it that 
counts.”’ The greater the concentration and thorough- 
ness with which the embryo engineers are trained in 
the fundamentals and their applications, the more self- 
reliant they will be made for practical life. I wish it 
to be understood that I do not aim to make engineers 
theorists, but I wish to instill in them broad and sound © 
theory at the time and place when it can be done 
most efficiently. My ideais that a broad knowledge of 
the fundamentals of all physical sciences is the most liberal 
education with which a future engineer may be endowed. 


Better Preparation of Students for Railway Work 


With Special Reference to the Telegraph and 
Telephone Department 
BY I. C. FORSHEE 


Associate, A. I. E. E. 
Electrical Engineer, Telegraph, Pennsylvania Railroad 


The more complicated communication systems, their use and importance on railroads, the extension of power 
transmission lines and electrification of railroads with the resultant effects wpon the communication systems require 
that technical men, who preferably have been given special training that will qualify them to handle such problems, be 


employed in railroad telegraph and telephone departments. 


Many problems are in common with the large wire-using 


commercial companies but others are peculiar to communication systems on railroads. 


N account of the great development of the methods 
and means of electrical communication in rail- 
road work, the extensive and varied uses of 

such means, and the importance of having the service 
always available under widely varying conditions, it 
is becoming increasingly important that electrical 
engineers adequately trained in communication service 
be available in the telegraph and telephone departments 
of the railroads. 

On many railroads the telegraph and telephone 


plant, which is very much larger than is realized by 
those not intimately informed, compares favorably 


with some of the large commercial wire-using companies. 


In such a system, extending as it does over hundreds 


and in many cases thousands of miles, there are prob- 
lems that must be solved that are not encountered in 
the smaller plants. These problems involve an inti- 
mate technical knowledge of a specialized nature and 
many times require careful and extensive investigation 
and study to obtain the best solution. 

While many of the graduates from the technical 
schools may be well informed in mathematics and funda- 
mentals of physics, chemistry and applied electricity, 
all of which are essential, yet it is felt that if such 
institutionsand the students contemplating such employ- 


ment, were more familiar with the railroad communi- 
cation problems there might be some advantages gained 
and time saved both by the technical graduates and 
railroads if there were included in the curricula more 
practicable applications of abstract theories and 
principles to concrete cases as met in this department. 
Many of our problems are common with the large 
wire-using commercial companies, but others are pe- 
culiar to the railroad systems. 

It is believed that opportunities for men technically 
trained and who have specialized on communication 
work will be greater on the railroads in the future 
than they have been in the past, as the communication 
systems are rapidly becoming more complex, the prob- 
lems of transmission more complicated, troubles from 
power interference and their solution more involved, 
and the possible applications of the recent develop- 
ments more varied and important. 

Among the various problems with which the depart- 
ment has to deal might be mentioned: 

1. Construction of pole lines carrying open wires or 
eables or both. 

2. Construction of conduit and cable systems. 

3 Installation of telegraph and telephone equip- 
ment. 
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4, Telegraph and telephone transmission. 

5. Design of circuits. 

6. Specifications and tests for construction and 
maintenance material. ; 

7. Electrolysis of underground structures. 

8. Inductive interference. 

9, Telegraph and telephone traffic. 

10. Accounting and estimating. 

11. Preservative treatment of woods and metals. 

12. Radio and wire carrier systems. 

18. Contracts and patents. 

14. Electrical protection. 
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15. Wire testing, maintenance and service res- 
toration. 

16. Engineering research. 

There are details associated with each of these items 
which are peculiar to the application on the railroads. 
Only general subjects are given and could be amplified 
appreciably, as will be obvious to one familiar with 
telegraph and telephone problems. 

If more specific information is desired on any of the 
above subjects it can be obtained from the Secretary 
of the Telegraph and Telephone Section of the Ameri- 
can Railway Association. 


Training for Character 
BY A. M. DUDLEY 


Fellow, A. I. E. E. 
Automotive Engineering Department, Westinghouse Electrical and Manufacturing Company 


Some fundamental requirements in the character of a successful engineer as a man and as an engineer are out- 


lined, together with considerations of the school and the instructor to produce and train such a character. 


accomplishments to be attained are pointed out. 


‘WHE requirements for character in an engineer are 

two-fold, first as a man and second as an engineer. 

The motto which should hang before every 
worker in every line of work is this; “First, be a man’, 
with the accent on the first and last words. The 
fundamental requirements for manhood in engineering 
are the same as for all professions and may briefly be 
touched upon as follows; absolute honesty, first with 
one’s self and then with others; sincerity in one’s work, 
remembering that whatever is worth doing is worth 
doing well; courage to put one’s ideas across in the face 
of influential opposition and courage to accept the re- 
sults of one’s errors and build anew, courage to ‘“‘keep 
your head when all about you are losing theirs and 
blaming it on you”; self control in all things, especially 
one’s temper; self control of the ego, thereby keeping 
a sense of proportion as to one’s real place in the world 
and preventing selfishness, tactlessness, discourtesy to 
others and a long train of ills; charity in judging men, 
recognizing that the heart and real intent are what 
count and not accidental circumstance; respect for 
the highest ideal of manhood and man’s work in the 
world, based first, last and all the time on service— 
service to God, man and country. 

The special requirements for character as an engi- 
neer might be sketched in this way; a fundamental 
sense of fairness, never letting one’s judgment be 
warped by one’s feelings; never distorting physical 
facts as shown by tests, to fit a theory instead of 
making the theory fit the facts; generosity in recog- 
nizing the good work of others and giving full credit to 
them and sharing their pleasure in it; recognition at all 
times of the commercial side of engineering, remember- 
ing that ‘an engineer is one who adapts the forces of 
nature to the uses of man” and that of two engineers 
who do the same job equally well from the viewpoint 
- of physical results, he is the greatest who accomplishes 


‘In an engineer. 


Some ideal 


it at the least outlay of money or physical resources; 
character to cooperate to the fullest extent with one’s 


fellow workmen when joined with them to do a job, . 


regardless of temperamental incompatibility or per- 
sonal likes and dislikes; tenacity of purpose—never 
to be a “‘quitter’’ but to stick to it always and put the 
job across—quickly if possible but surely in any event; 
open mindedness to acknowledge personal error when 
plainly proved and to start anew without prejudice 
on the right basis. 

To anyone considering this matter there will appear 
other and perhaps more essential qualities, but these are 
sufficient to show the necessity for a strong character 
The next question is how shall this 
character be trained. The two fundamental require- 
ments are the right institution and the right instructor. 
No time will be taken here to discuss the relative 
merits of the exclusively technical school as against 
the college or university. Men of character graduate 
from both, and the humblest schools can claim alumni 
who shine as bright stars in the engineering firmament. 
But the ideals of the institution must be right. It 
must regard engineering as one of the learned pro- 
fessions, and as such must not be satisfied with any 
less degree of scholarly attainment in its engineering 
faculty than in its divinity or law or medical school. 
At the same time, since engineering is intensely prac- 
tical, it should have on its faculty men who have made 
good themselves in the practise of the engineering 
profession, who, by their attainments as well as their 
ability can command doubly the respect of students. 
Since these specifications for instructors are high, the 
institution must be prepared and ready to pay a com- 
mensurate salary. It should not make the mistake 
now so regrettably common of employing a high grade 
man as instructor at a salary below his commercial 
value and expecting him to carry on a lucrative private 
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practise as a side issue so that he can afford the sacri- 
fice of teaching. 
One more thing that the institution should not do 
if it would preserve the respect necessary to inculcate 
character in the youth is to carry on commercial re- 
search or similar work where the facilities of the school 
become the source of private profit to outside indi- 
_ viduals or to the investigator inside the school. Par- 
ticularly is this true of institutions supported directly 
by the state. Wide open publicity as to the result of 
all investigations and payment made by the client to the 
school and by the school to the investigator is the only 
safe course to keep the atmosphere clear and conducive 
to the best ethical ideals which make for character. 
As to the instructor, it is realized his personality and 
his attitude to his work are the greatest single element 
in the training of his students in all ways. One of our 
great men has said that his idea of a university was a 
. log with a student sitting on one end and Mark Hop- 
kins sitting on the other. To be a great success the 
instructor must be many things which are achieved 
only after a struggle with human nature. He must be 
unselfish and self sacrificing. He must be so sure 
that the building of men is the greatest profession in 


the world that he will be willing to accept his salary as . 


a teacher and bend his entire energies toward becoming 
the best possible teacher of engineering. While he has 
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himself practised engineering, he must limit his out- 
side consulting work to an amount necessary to keep 
his hand in and to serve as texts for his lectures and 
laboratory work and not use it as a primary means of 
subsistence. He must be vitally interested in young 
men and interested in all their phases and problems, 
capable of advising on human questions of all sorts. 
He must establish a personal contact that exists be- 
yond the class room and he must use that contact to 
instill the fundamentals of character while he instills 
the fundamentals of mathematics and other subjects 
in the curriculum. 

If the school is right and the instructor is right and 
the student does his part, we shall have an outstanding 
race of engineers whose word is good as their bond, 
who bring to their work an enthusiasm that glorifies 
both the work and: the worker, who accept praise 
and blame with a level head and a steady hand, who 
take suggestions and ideas from the humblest sources 
and develop them into real engineering, who give 
credit where credit is due, who carry their message to 
Garcia and hang on to the job till it’s done, who worry 
more about the work they are doing than the pay they 
are getting, who know that a “man’s a man for a’ that 
and a’ that,” and whose personal conception of char- 
acter blooms into two great requisites for human 
happiness—good health and the spirit of service. 


Some Suggestions Concerning the College Education of 


an Engineer 
BY CARL HERING 


Fellow, A. I. E. E. 
Consulting Electrical Engineer, Philadelphia, Pa. 


The author considers the first requisite of college training to be a thorough drilling in the fundamentals in physics. 
A student who is well grounded in the fundamentals is in the best position subsequently to acquire a knowledge of details. 
The student’s most useful tool to work with is mathematics, but this should be taught to engineers by one who con- 


siders it an engineer’s tool, and not a source of amusement. 


All the mathematical results should convey as clear a quan- 


titative meaning to the engineer as numbers do when they represent an amount of money. 


A third requisite is the use of mental exercises to develop mental strength. 


The student should be disciplined by 


mental exercises in the form of problems which should have some practical significance, so as to show the utility of the 


mental process, thereby developing interest. 


Today is the era of specialists; even electrical engineering, as one subdivision of engineering, is again subdivided 
into so many branches that a student should either make a choice between them, at least in his last college year, or take 


a special post-graduate course. 
post-graduate courses. 


Different colleges would do well to specialize on different subjects, especially in their 
The writer has urged that at a time when a student must choose his vocation he has little knowl- 


edge of what his choice involves, and it is suggested that the regular college courses should include lectures describing 
ihe different vocations, the nature of the work involved in each of them, and the prospects of advancement, salaries, etc. 
Success in teaching can be measured by the interest that the teaching can develop in the minds of the students. 


It is a mistake to keep the able students back to the level of the poorest in the class. 


be given every possible opportunity to advance. 

HE college education of an engineer should be 
considered to be analogous to the foundations of a 
building on which a superstructure is subsequently 

to be erected, rather than to the superstructure. When 
a foundation is bed rock, it will support any super- 
structure that may later be decided upon. 

The foundations of an engineering education are 


The brightest students should 


the fundamentals in physics, that is, the laws of nature 
concerning matter and energy in their various 
forms, just as the addition and multiplication tables 
are ‘the foundations of arithmetic. A profound 
and thorough drilling in these fundamentals and how 
to use them should, therefore, be the first and: most 
important requisite; they should be so thoroughly 
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grounded in the mind of the student that they become 
almost an intuition, involving little effort of mind to 
deal with them, and an almost instinctive revulsion 
against their violations. An intuition is well defined 
as “instinctive knowledge of the relations or conse- 
quences of ideas, facts, or actions.” As in a building, 
the foundation is the least conspicuous part in the final 
product, but it is the part on which the stability of the 
whole superstructure depends. In a choice between 
the two, a student well grounded in the fundamentals 
but with less instruction in the superstructures like 
specialities, professor’s hobbies, details and _ refine- 
ments, will unquestionably become a greater engineer 
than when the amounts of these two kinds of instruc- 
tion are reversed. To one who is well grounded in the 
fundamentals the subsequent acquirement of the 
knowledge of detailsand refinements, even if after leaving 
college, will be a far easier matter than under the re- 
verse conditions. 

While these fundamentals are the most useful mate- 
rials for his work, his most useful tool to work with is 
mathematics, not pure mathematics but applied 
mathematics. As a reliable means to arrive at a 
useful end quickly and directly, it is a most wonderful 
tool, generally a far better one than arithmetic, but its 
use as a mere means of entertainment should be left 
to the mathematicians. It should be taught to engi- 
neers by one who considers it an engineer’s tool, a 
utility, and not a mere source of amusement. All 
numbers and their decimal points obtained mathe- 
matically should convey as clear a quantitative mean- 
ing to the engineer as they surely do when they repre- 
sent an amount of money. 

Another important factor in the education of an 
engineer is mental exercise to develop mental strength. 
When we lift a weight in the gymnasium it is not be- 
cause there is any useful result in that weight being 
put on a higher level, but it is to strengthen our muscles. 
Similarly the mental strength of a student should be 
developed and disciplined by plenty of mental exer- 
cises, say in the form of problems, which should by 
all means have some practical significance so as to 
show the utility of the mental process, thereby develop- 
ing interest; he should be taught to think and reason 
correctly and not merely have his memory crammed 
with words and facts as in the teaching of a monkey 
or parrot. A strong, well trained mind can subse- 
quently absorb details with great ease, with the addi- 
tional advantages that it can distinguish between the 
wheat and thechaff, and is not so easily misled. The 
great mass of engineering facts and data are better 
preserved in books of reference than in ones brain, 
which can be made better use of for correct reasoning. 
Generally a brain is not entirely a vacant space to 
be filled by college professors, but is rather like a muscle 
which is to be trained by them to do skilful work. 

Knowledge has made such vast strides that in a four 
years’ course it is today physically impossible to teach 
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and mentally impossible to learn, all that it would be 
of benefit to know. The present is the era of specialists; 
a Jack of all trades is a master of none; better let a 
trained financier do the financing, a trained engineer 
the constructing and a trained salesman the selling. 
It is imperative, therefore, to make a choice; in general 
the first choice in an education is that between utility 
and what might be called polish or ornamental educa- 
tion. Formerly, and in some colleges of today, par- 
ticularly those for girls, the latter is the main goal. 
Having chosen utility the next choice is between science 
and the other learned and useful professions; science 
and financiering do not always mix well, their standards 
of morals sometimes differ. In science there are many 
further subdivisions one of which is engineering, which 
again is subdivided into branches. Even electrical 
engineering, as one of these, has so many subdivisions 
which have little more than the fundamentals in 
common, that a student ought to make a choice be- , 
tween them, at least in the last year, or take a special 
post-graduate course. Different colleges would do 
well to specialize on different subjects, especially in 
their post-graduate courses, which should then be 
directed by specialists. . 

Having decided on any one particular vocational 
training, the choice of the particular subjects to study 
should be decided solely and only on the ground of 
utility. In an electrical engineering course for in- 
stance there isso much more to learn than could pos- 
sibly be crammed into four years, especially when there 
is an excessive and time robbing indulgence in athletics, 
that the student is deprived of much useful instruction 
and training if he has to devote a lot of this valuable 
time to such things as the dead languages, bible history, 
literature, etc. The proper use of the English language 
should have been taught in the preparatory schools. 

The subsequent failures of college trained men have 
frequently been due to a mistake in the selection of 
their course in college. Other conditions being equal, 
the best choice is unquestionably the subject in which 
he is most interested. But in most cases at the time 
he has to make the choice he has no proper knowledge 
of what a particular career involves; the fact that as a 
little boy he enjoyed playing with toy electric railways 
does not, as some fond parents think, mean that he 
will make a good electric railway engineer. The writer 
has, therefore, often urged that at the time when the 
student must make a choice, a part of the regular course 
should be a few lectures describing what the various 
vocations involve, what subjects he will have to agree 
to study in each one, what the nature of the work 
will be and what the prospects are of employment, 
advancement and salaries. Such ‘lectures would un- 
questionably greatly reduce the deplorable number of 
misfits and the great loss of time in later changing from 
one course to another. 

The province of a physicist is to discover and formu- 
late the laws of nature regarding matter and energy 
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while the province of the engineer is then to apply these. 


laws for the benefit of mankind. Another definition 
of an engineer in popular terms is that he is one who 
can show how a thing can be done for one dollar that 
any fool can do for two dollars; a complementary 
definition of an administrator, or organizer, at least of 
some of them, then is that he is one who can get two 
dollars for something worth only one. Inrecent times, so 
many engineers have abandoned the true profession of 
engineering, that of designers and constructors, and 


- have become administrators, organizers, financiers, or 


salesmen, for which positions their engineering training 
has undoubtedly helped them greatly, that. these and 
many others, like the handling of labor, have recently 
often been included under engineering, a noble name to 
conjure with. Larger salaries and less interest in 
engineering, are generally the incentives for the change; 
some adminstrators can vote themselves their own 
salaries. But whether this modern use of the term 
engineering is desirable or not, it is true that an engi- 
neering training is of great value in such positions, and 
that, therefore, students should be told about these 
vocational possibilities and if they choose them they 
should be given a somewhat different course omitting 
certain studies and substituting others. 

In the writer’s opinion, success in teaching can be 
properly measured by the interest that the teacher 
ean develop in the mind of the student. ‘There are, 
of course, some very necessary studies that are without 
any interest, and, therefore, pure drudgery, like learn- 
ing the multiplication tables, rules, terms, relations, 
formulas, etc, but aside from such cases of mere memo- 
rizing of some necessities, when a teacher cannot 
awaken the student’s interest either the student is 
hopeless and should leave college, or else that teacher 
has not mastered the real art of teaching. Often have 
students told the writer how greatly they were interested 
in a certain subject, adding the significant clause that 
they liked that particular teacher, as he made it so clear; 
in the reverse case it may be the fault of either or both. 

_A serious error in many colleges, which might even 
be called an educational crime, is to keep the bright and 
able students back to the level of the poorest in a class. 
It should be the duty of every teacher to give the 
brighter students every possible opportunity toadvance. 
The deficient ones should either be helped to catch up 
or made to repeat the previous year’s work. 

Students naturally take a delight in pointing out 
errors in what their teacher has taught them; finding 
such errors also tends to shake their confidence in 
other things he taught them, which is fatal; they also 
lose interest and respect when they find there is a 
simple, easily understood way of explaining something 
which they had been taught in a complicated, confus- 
ing way which was difficult to understand and hard 
to retain. It is therefore of the greatest importance 
for the teachers to be absolutely sure of the correctness 
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of what they teach and to keep abreast with the 
times in their interpretations and explanations. It 
is, for instance, an intellectual crime, which might do 
much harm, to teach that a law is universal after it 
has been shown that it is not. The writer has been 
surprised to see the strong opposition of some teachers 
to modify their teachings of a year before in accord- 
ance with developments during that time. 

What constitutes success in a career is variously 
defined and is a matter of opinion. Some measure 
it by the ratio of the money received to the time and 
effort spent, that is, the present labor union idea of 
doing the least work for the most money. According 
to that scale one who loots a bank is at the head of 
the list of the successful; there is a wide difference of 
opinion as to what is and what is not honorable; 
when the looting is done by a teller, he is a criminal, 
but when done by the president he is an expert finan- 
cier. Others think that success is measured by the 
kind of service rendered or by doing something that is 
of some lasting benefit to mankind and to the world, 
such as the products of the researches of. scientists, 
the discovery or development or invention of some- 
thing useful, or erecting great and useful structures. 
Students have their: choice, some look only for the 
dollar, others for something higher; the choice of their 
college course depends somewhat on this; many persons 
have made much money without having had a college 
course, but today the so-called self-made engineer 
who has not had a higher education and has not made 
up for it later, is hopelessly handicapped as an engineer 
in competition with those who have. 

The engineer deals with the laws of nature, which 
govern him; nature is mercilessly strict in insisting on 
their enforcement to the letter; such a training there- 
for, tends to develop a respect for laws, an instinctive 
effort to do only what is right and to abhor what is 
wrong. He cannot cover up his faults or ignorance as 
doctors, lawyers, financiers and ministers. can, and 
he must therefore be better trained. An engineering 
training is therefore also ethical in its effect. 


SWEDISH WIRELESS STATION 


In 1920 the Swedish Government ‘appropriated 
2,000,000 crowns for the establishment of wireless 
telegraph communication between Sweden and the 
United States. Negotiations were entered into with an 
American company, but up to March, 1921, they had 
not led to any agreement. On account of this fact 
and the general business depression, the matter was 
not presented to the 1921 Riksdag. The question 
has now been brought before the Government again 
in a note from the Telegraph Administration, with the 
intention of requesting permission to use the 2,000,000 
crowns previously appropriated in order to proceed with 
the proposition. 


Rating of Cables in Relation to Voltage 


SUMMARIZED HISTORY OF PUBLISHED KNOWLEDGE BEARING UPON THE 
PERFORMANCE OF INSULATION UNDER ELECTRIC STRESS 


Prepared by the Subcommittee on Wires and Cables of the Standards Committee 


INTRODUCTION 


NDER the auspices of the Wires and Cables Sub- 
committee of the Standards Committee of the 
Institute, a symposium on the rating of cables 


with reference to heating due to conductor losses only, © 


was held during the 1921 Midwinter Convention of the 
Institute with the object of checking the Institute’s 
standards in regard to permissible operating tempera- 
tures for cable insulation. That is, the discussion was 
limited to the matter of the safe maximum operating 
temperature of low-voltage cables with negligible di- 
electric losses. 


The six papers presented and the discussion thereon 
did not show any general agreement on the point at 
issue. In fact, the divergence of views was still just 
about as great as had been previously suspected, judg- 
ing from views expressed informally in committees and 
elsewhere. The great importance of the subject was, 
however, emphasized and the neéd for sufficient com- 
prehensive research work to establish the fundamental 
physical facts involved was made evident. The result 
has been the inauguration of a comprehensive research 
on this and other fundamental cable problems by the 
Research Department of the Massachusetts Institute of 
Technology under the auspices of the Paper-Insulated- 
Cable Research Committee, which is a sub-committee 
of the A. I. E. E. Transmission and Distribution Com- 
mittee, the N. E. L.A. Underground Systems Committee 
and the A. E. I. C. Committee on Electricity Distribu- 
tion and Use. 


It is believed that a similar situation exists with 
reference to the rating of cables with respect to voltage 
and the Subcommittee on Wires and Cables of the 
Standards Committee has therefore arranged this sym- 
posium on the rating of cables with respect to voltage 
only, which will be a corollary of the symposium held 
last year on cables with respect to heating only (7. e., 
current only). It is further believed that a discussion 
of the matter at this time is particularly timely, both 
because of a demand for the standardization of insu- 
lation thickness for impregnated paper cables and 
because of the many proposals under consideration 
for cables to operate at much higher voltages than any 
now in extensive use. It is hoped that the papers 
presented and the discussion thereon will enable cable 
engineers to more efficiently design and operate cables 
and thereby utilize more effectively the investment 
which the cables represent. 


To be presented at the Annual Convention of the A. I. E. E., 
Niagara Falls, Ontario, June 26-30, 1922. 
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I. Geometric Relations which Affect Dielectric Stress. 

Jona, E. (Trans. Int. Elect. Cong. 1904, vol. 2, p. 550) showed 
that the electric stress in a dielectric between two concentric 
conducting cylinders, which is the simplest geometric represen- 
tation of a single-conductor cable, follows the law. 


E 
H = 


R 
x log € —— 
f 


where ‘ 
= stress in kv. per em. at any point z em. from the axis 
= difference of potentials between cylinders, in ky. 

= radius of outer cylinder, em. 

= radius of inner cylinder, em. 

Levi, Crvira, (Rendiconti Circolo Matematico di Palermo, 
vol. XX, 1905, part 1, p. 173) gives formula for maximum stress 
including the effect of stranding. 

Tuornton, W. M. anv Wiuuiams, O. J. (Electrician 1909, 
vol. 63, p. 833) gave experimentally-determined diagrams of 
electrostatic foree both for round and sector triplex cables. 

Deutscu, W. (#. T. Z. 1911, vol. 32, p. 1175) derives approxi- 
mate formula for the maximum stress including the effect of 
stranding. 

Goreas, BENISCHKE, PeTERSEN Erc. (EZ. T. Z. 1913, vol. 34, 
pp. 637, 783, 984, 1186, 1354) correspondence and discussion 
of stress at conductor surface, especially on approximate for- 
mula for stresses between parallel cylinders. 

Mippueton, W. I. anp Dawsas, C. L. (Trans. A. I. E. E. 
1914, vol. 38, p. 1185) discussed the logarithmic formula, and 
showed that the stress at the surface of a conductor was a mini- 
mum when d = D/2.72, where d is the diameter over the con- 
ductor, D is the diameter over the insulation, and 2.72 is the 
Naperian logarithmic base e. There is also a discussion of 
overstressing of cables. 

Russeu, A., (Proc. Phys. Soc. London, 1919, vol. 33, p. 111) 
derives formula for stress between parallel cylinders. 

ATKINSON, R. W., (Trans. A. I. E. E. 1919, vol. 38-2, p. 971) 
developed a method of estimating the stresses in a triplex cable. 

Det Mar, W. A. (Trans. A. I. E. E. 1919, vol. 38-2, p. 1018) 
gave diagrams of equipotential and stress lines in round and 
sector triplex cables. 

Davis AND Stwons (Journ. A. I. E. E. Jan, 1921, p. 12) 
published tables of maximum stresses based on Atkinson’s method. 

Emanue.t, Luier (L’Eletrotecnica 1921, vol. 8, p. 573) gives 
experimental determinations of stresses in three conductor 
cables. 

II. Dielectric Failure of Air. 

Steinmetz, C. P. (Trans. A. I. E. E. 1893, vol. 15, p. 281) 
suggested that the diameter of a corona in air is such that the 
corona reduces the electric intensity (or potential gradient) 
at its boundary, to the constant value of the electric strength 
of air. 


Ryan, H. J. (Trans. A. I. BE. E. 1904, vol. 21, p. 275) found 
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that the apparent dielectric strength of air around a wire varies 
with the diameter of the wire. 

Jona, E. (Trans. Int. Elect. Cong. 1904, vol. 2, p. 550) said 
that the diameter of the air corona, for a given arrangement of 
conductors, is independent of the size of wire and depends 
only on the voltage. 

Townsenp, J. 8. (Trans. Int. Elect. Cong. St. Louis 1904, 
vol. 1, p. 106) said that free ions exist in air which are accelerated 
in their motion when subjected to electric stress. When they 
attain a certain speed, they knock electrons from their atomic 
orbits thus liberating the electrons and converting the atoms 
into ions. ‘ 

WHITEHEAD, J.B. (Trans. A. I. E. E. 1910, vol. 29-2, p. 1183) 
said that as the logarithmic law for concentric cylinders indicates 
different stresses at a given distance from the axis, with different 
eonductor diameters and as corona observations indicate the 


.same stress, the logarithmic law must fail when corona is present 


and therefore the air carrying a corona must have a relatively 
high conductivity. 

HaAypEN, J. R. anp Srernmetz, C. P. (Trans. A. I. E. E. 
1910, vol. 29-2, p. 1125) showed that the disruptive discharge 
through a dielectric requires not merely a sufficiently high voltage, 
but also a definite minimum amount of energy. , 

WHitrEHEAD, J.B. (Trans. A. I. E. E. 1910, vol. 29-2, p. 1159) 
said that an electron requires an intensity of 170 kv. per cm. 
to give it sufficient velocity to break up a molecule by collision, 
and concluded from this that the ionizing agents, in the ioniza- 
tion by collision which creates corona, must be of atomic or 
molecular dimensions. Such ions require only 30 to 40 kv. per 
em. He showed that there is no dielectric loss in air until the 
corona point is reached, that the electric strength of air is inde- 
pendent of the material of the electrode, that the corona volt- 
age is lowered by surface impurities, that the corona has high 
conductivity, and that most of the dielectric loss takes place 
beyond it. 

Ryan, H. J. (Trans. A. I. E. E. 1911, vol. 30-1, p.1) applied 
th electron theory to the explanation of corona loss. 

Wuirenead, J. B. (Trans. A. I. E. BE. 1911, vol. 30-3, pp. 
1883-1885) gave evidence that corona is due to the liberation 
of ions from neutral molecules when the latter suffer collision 
with free ions moving under the impulse of an electric field. 

Prex, F. W. (Trans. A. 1. E. E. 1911, vol. 30-3, p. 1889) 
showed that the corona loss around a wire varies as the square of 
the’ excess voltage above the voltage at which corona starts. 
He also showed that the electric strength of air is about 30 kv. 
per em. and that corona starts when this intensity is attained 
at a distance of 0.301 +/r cm. from the surface of the conductor. 
This distance is called the energy distance. A finite thickness of 
air must be under a stress of 30 kv. per cm. or more before 
breakdown occurs. 

Prrx, F. W. (Trans. A. I. E. E. 1912, vol., 31-1, p. 1051) 
showed that the energy distance for corona around cylindrical 
wires varies with the relative air density s and is. 


0.301 \ 


Prex, F. W. (Trans. A. I. E. E. 1913, vol. 32-2, p. 1767) 
showed that the energy distance for spheres is 


cm. 


r 


‘ 0.54 A Kin 


and that where the electrodes are placed closer together than 
the energy distance, the apparent dielectric strength increases. 

Perk, F. W. (Trans. A. I. E. E. 1915, vol. 34-2, p. 1857) 
showed that the time lag of breakdown is conveniently measured 
in micro-seconds, and that the lag varies with the electrode 
and is a maximum for the needle gap and a minimum for a 
uniform field or for a sphere gap. 

Wurreneap, J. B. anp BRowN, W. S. (Trans. A. I. E. E. 

; \ 
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1917, vol. 36, p. 169) showed that corona appears at a lower 
value when the wire is positive than when negative, the maxi- 
mum. excess of negative over positive (which occurred for small 
diameters) being 6.3 per cent. The values for alternating current 
coincide with those for negative continuous voltage. ividences 
in favor of Townsend’s theory of ionization by collision are given. 

Purx, F. W. (Dielectric Phenomena, p.84) says that air be- 
tween concentric cylindrical electrodes has its maximum electric 
strength when the diameter ratio is 3 instead of 2.72, the value 


to be expected if the logarithmic formula were strictly applicable. 


This he deduces from the energy-distance and checks experi- 
mentally. 

Prex, F. W. (Dielectric Phenomena, p. 85) says that the 
corona in air seems in effect to be either a series resistance or 
it grades or distributes the flux density when the conductor 
configuration is such that corona occurs before spark-over. He 
said that under this condition spark-over between concentric 


k R ae ; 
eylinders, does not occur when —— = critical ratio, where 
ry 


r, = radius of corona, and R = radius of outer cylinder. 


Ionization of Gas in Solid Insulation 

FrssENnDEN, R. F. in 1898 made experiments which showed 
the danger of air bubbles in solid insulation. 

Perrine, Ff. A. C. (Trans. A. I. E. BE. 1902, vol. 19, p. 1067) 
said that the failure of cable insulation is sometimes due to 
the presence of spaces filled with rarefied gases. 

Prerersen, W. (Archiv. fur Elektrotechnik, 1912, vol. 1, p. 28) 
called attention to the fact that air films in a dielectric of specific 
capacity K, are subjected to a stress of K times that in the sur- 
rounding medium, and that ionization may therefore occur 
therein at comparatively low voltages. He also said that ions 
are shot from these films into the surrounding medium. 

Dussxy, F. (Trans. A. I. E. E. 1919, vol. 38-1, p. 537) 
measured the dielectric strength of thin air films between glass 
plates. He then applied these data theoretically to assumed 
gas spaces in solid dielectrics and showed the possible conditions 
under which ionization was likely to occur. 

SHANKLIN, G. B. anp Matson, J. J. (Trans. A. I. E. EH. 1919, 
vol. 38-1, p. 489) measured the ionization voltage in actual 
insulation designs by the dielectric loss method. In the case 
of coil insulation, such as varnished cambric and mica-paper, they 
give evidence showing that ionization not only occurs in the 
entrapped gas spaces but that it can cause serious damage. 
In the case of paper-cables, evidence is given showing that a 
true ionization occurs. However, the exact nature of this 
ionization, its position, and the possibilities of serious damage 
are not clearly shown. 

IV. Dielectric Failure of Transformer Oil 

Topry, H. W. (Trans. A. I. EB. E. 1910, vol. 29, p. 1189) 
after discussing generally the testing of oils for dielectric strength, 
gives particulars of the influence of moisture onithis property. 

Henpricks, A. B. (Trans. A. I. E. E. 1911, vol. 30-1, p. 167) 
showed that moisture has an important effect in reducing the 
dielectric strength of insulating materials. In the case of 
transformer oil, if Z be the kilovolts producing breakdown 
between 0.5 in. dises, 0.2 in. apart, and x = parts of water in 
10,000, by volume, then 
19.2 


+28 
29 284 


ip = 


Henpricks, A. B. (Trans. A. I. H. HE. 1911, vol. 30-3, p. 1975) 
stated that transformer oil between concentric cylindrical elec- 
trodes has its maximum electric strength when the diameter 
ratio is about 7 instead of 2.72, the value to be expected if the 
logarithmic formula were applicable. He also said that the 
dielectric strength of transformer oil is increased by mechanical 
pressure, an increase from 0 to 200 Ib. per sq. in. increasing the 
dielectric strength 50 per cent. This, by the electron theory, 
is due to the decreased mobility of the ions under pressure. 
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Perk, F. W. (General Electric Review, Aug. 1915, vol. 18, p. 
821) states that a phenomenon similar to corona in gases also 
takes place in liquid insulations, such as oil, due to tearing apart 
of the molecules of the oil or occluded gases. It seems that 
occluded gases often take an important part in supplying initial 
ionization. The effect of moisture is also pointed out. 

Prex, F. W. (Trans. A. I. HE. E. 1915, vol. 34-2, p. 1857) 
found that the time lag is much greater for oil than for air. 

Hirose, T. Ogawa, W., ann Kuso, S. (Report, Electro- 
chemical Laboratory Tokio, Japan, 1916, report No. 25-3) 
showed that dust and fibrous matter in oil impair its insulating 
power, and that moisture has but little effect without absorbing 
media. 

Perk, F. W. (Dielectric Phenomena, 1920) showed that the 
dielectric strength of transformer oil can be increased by the use 
of baffles which confine the motion of the ions, impurities, etc. 

Prrx, F. W. (Dielectric Phenomena, 1920) showed that 
transformer oil under electric stress exhtbits properties similar 
to air. He showed that the energy distance is about 1.2 yr cm. 
i.e., about four times that of air, and that with such an energy 
distance, corona and spark-over voltages wil be equal for ratios 


of aS up to at least 300. 
r 


Haypen, J. L. R. anp Eppy, W. N. (Jour. A. I. E. E., Feb. 
1922) show how the failure of transformer oil depends upon 
the presence of impurities. They compare the number of failures 
ateeach voltage with the number to be expected according to 
the curve of probability, and find that they do not agree. 


V. Electric Properties of Petrolatum. 

Matctres, L. (Comptes Rendus 1910, vol. 151, p. 63) furnished 
the idea that the behavior of petrolatum in an electric field is 
the result of free ions which are mobile when the petrolatum is 
fluid and immobile when it is jelly. 

VI. Residual Charge, 

Effects. 

Farapay, M. (Experimental Researches in Electricity, 1839) 
was probably the first to notice the phenomenon of residual 
charge. 


Hopxinson, J. (Phil. Trans. 1877, vol. 167, p. 599) showed 
that the residual charge is proportional to the exciting charge 
and gives results on experiments performed on several kinds of 
glasses, showing the effects of temperature. He noted that the 
residual charge in a Leyden jar can be promoted by tapping 
the dielectric, an indication that such charges are due to some 
internal polarization which is affected by shock. 

Ayrton, W. EH. anp Purry, J. (Proc. Royal Society 1878, 
vol. 27, p. 238) said that dielectrics exhibit an increase of strain 
under a prolonged constant dielectric stress and said that this 
was due to the “viscosity of the dielectric’. They explained 
viscosity on the basis of the presence of comparatively conducting 
particles in “dielectrics of heterogeneous composition’? and sug- 
gested that dielectrics and metals might owe their different 
properties to the presence of rotary molecular motion in the one 
and motion of translation in the other. 

Moraoxa, H. (Wied. Ann. 1890, vol. 40, p. 329) found that 
while paraffin and xylol showed practically no residual charge 
when separate, a layer of xylol on a layer of paraffin showed 
residual charge. 

Maxwe tt, J. C. (A Treatise on Elec. and Mag. 2nd ed. 1881, 
vol. 1, chap 10, p. 412) proved theoretically that a compound 
dielectric built up of layers of different non-absorptive dielectrics 
would exhibit both absorption and residual charge effect pro- 
vided that the product pk is different for each lamina.: (p = 
resistivity and k = specific capacity. 

SteinMETZ, C. P. (Elec. Eng. 1892, vol. 13, p. 272) showed that 
the energy consumed by a dielectric medium under alternating 
electrostati¢ strain is directly proportional to the square of 
the intensity of the electrostatic strain or H = k FE. 


Power Factor and Associated 


Hence, 
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whereas magnetic hysteresis follows the law of the 1.6th power, 


dielectric hysteresis follows the law of the square, that is, it 
acts just the same as a mere dead resistance connected into the 
cireuit. 

Bepe.., F. anp Kinasuey, C. (Phys. Rev. 1894, Vil ee eu em) 
showed by the use of curves, the effects of a previous nega- 
tive charge upon successive residual discharges, he effect of 
absorption upon the discharge curves, the effects of temperature 
on the resistance of oils and solid dielectrics. 

Srrinmetz, C. P. (Elec. World 1901, vol. 37, p. 1065) cited 
experiments on a paraffined paper condenser, showing that the 
dielectric loss is proportional to the square of the voltage and 
practically independent of the frequency. He suggested that 
the loss was largely due to mechanical motion of occluded air 
molecules under the influence of the alternating stress. 

Dryspae, C. V. (Electrician 1901, vol. 46, p. 890) gave data — 
on dielectric loss in cables and condensers, and called attention 
to its importance due to the energy loss being a continuing one 
regardless of the load. He also gave tables of losses in dielectrics, 
power factors, etc., for different types of mica condensers with 
varying pressures. 

Torcuio, Puiie (Trans. A. I. E. Cos. 1902, pp 217-219, 
quoted in Trans. A. I. E. E. 1917, vol. 36 pp. 499-501) gave 
results of measurements of dielectric losses on long feeder cables 
installed, and stated that ‘‘the dielectric losses are approximately 
proportional to the frequency, to the square of the voltage and 
to a certain function of the temperature not yet determined. 
The temperature however, increases considerably the dielectric 
losses.”’ 

Sxinner, C. HE. (Trans. A. I. BE. E. 1902, vol. 19, p. 1047) 
showed that dielectric loss varies with frequency, but not always 
in direct proportion. The variation from proportionality was 
especially marked at higher temperatures. He also showed 
that not only is the loss greater at high temperatures, but so is 
the rate of increase of loss. 

Perrine, F. A. C. (Trans. A. I. E. EH. 1902, vol. 19, p. 1067) 
said that work with cables has shown that a slight amount of 
moisture in the insulation will materially increase the heating 
and that heating of this character almost invariably results 
in final breakdown. 

Monascu, B. (Annalen d. Physik 1907, vol. 22, p. 905) says 
that the loss varies strictly as the square of the impressed voltage 
up to the point of formation of corona and that in cables at 
ordinary frequencies, the loss is approximately proportional to 
the frequency. 

Fisnmr, H. W. (Trans. A. I. E. E. 1907, vol. 26-2, p. 997) 
gave data on the dielectric loss in rubber compounds and showed 
that compounds containing a large amount of extractive matter 
may have lower losses than those containing small amounts. 

Travuton, F. T. anp Russ, 8. (Proc. Royal Soc. 1907, vol. 20, 
p. 551) showed experimentally that the recovered (residual) 
charge does not follow an exponential law as derived by Maxwell, 
but a logarithmie law. ‘ 

SHuppEMAGEN, C. L. B. (Prov. Am. Acad. of Arts & Sci., 
1909, vol. 44, p. 467) showed that the current which forms 
residual charge, or in other words, the absorption current, is 
far from negligible when the charging interval is very small. 

Hocusranpter, M. (lek. Zeit. 1910, vol. 31, p. 467) reported 
that tests on impregnated paper cables showed the dielectric 
loss to be exactly proportional to the frequency. He found that 
the maximum voltage in each cycle occurs simultaneously with 
the zero value of the current, but the maximum current does not 
coincide with zero voltage. He made a “dielectric hysteresis 
loop” from oscillograms and deduced therefrom the capacity, 
residual charge and dielectric loss. 


Decompre, L. (Comptes Rendus, 1911, vol. 152, pp. 315 and 
1755) discusses dielectric loss in relation to polarization and 
makes some developments of Maxwell’s theory. His reasoning, 
which is typical of that of several other physicists, is as follows: 

The charge in a condenser is made up of two parts, one k E, 
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due to an ether displacement and the other m, to a polarization — 


of the dielectric, or g = m ai k E. According to the theory of 


- Lorentz, 


am dm 
de Siar eth mt = EE 


where a, b, and c are positive coefficients. 


If the voltage EF is 
: d= m 

alternating the term Ra? which is proportional to f?, where f 

is the frequency is negligible, unless the frequency is of the order 


of that of light. Hence 


dm 
dt 


But the energy absorbed is Hdq,i.e., H(dm+kdE). Fora 
complete period the energy lost, if assumed to be dependent on 


C +bm=H 


the polarization of the dielectric, therefore equals 


T T 2 
[> amor fc (<r) ae 
dt 

0 0 : 
Hence, the alternate charge or discharge of a condenser causes a 
dissipation of energy proportional to the square of the polariza- 
dm 

dt” 
Rayner, BE. H. (Jour. I. E. E. 1912, vol. 49, p. 3) reported 

the results of an extended investigation to determine the relative 


tion current, 


effects of a short application of high test voltage or longer appli-. 


cation of lower test voltage. He also gave considerable informa- 
tion about the effect of humidity and temperature on the dielec- 
trie strength of insulating materials. The paper has a bibliog- 
raphy on the subject of dielectrics, containing 300 references, 
dated from 1864 to 1912. 

Waker, Mies (Jour. I. E. E. 1912, vol. 49, p. 71) showed 


‘that if curves be made with temperature for abscissas and watts 


for ordinates, one curve giving the power lost in the cable and 
the other the power dissipated, an increase of temperature will 
be cumulative if the dissipation curve is above the loss curve, 
and non-cumulative if the reverse is true. 

Friemine, J. A. anp Dyxe, G. B. (Jour. I. E. E. 1912, vol. 49, 
p. 323) showed that two non-absorptive condensers of different 
capacities, each in series with a non-inductive resistance and 
the two connected in parallel, will act as a single condenser 
having absorption, if the products cir and c.7r2 are unequal. 
This paper and the discussion thereon, give a clear theoretical 
treatment of the subject and considerable experimental data to 
support the theory. 

AppENBROOKE, G. L. (Electrician, 1912, vol. 68, p. 829) 
showed by measurements at different frequencies that dielectrics 
may be considered to consist neither of capacities and resis- 
tances in series nor of capacities and resistances in parallel. 
He also showed that the loss in liquid dielectrics is independent 
of the frequency above a certain point whereas in solids it in- 
creases with the frequency, but not always according to alinearlaw. 

Punas, L. (Archiv. f. Elektrotechnik 1912, vol. 1, p. 329) showed 
that the dielectric losses in transformer oil are practically in- 
dependent of the frequency. He concluded from this that the 
losses are due to ionic conduction rather than hysteresis. Resin 
oil showed similar properties the loss increasing but slightly 
with the frequency. 

Apprnsrooke, G. L. (Electrician 1913, vol. LXX, p. 673) 
gives data on dielectric loss in gutta-percha. He found the power 
factor to vary as follows with frequency. 


Power Factor 


Cycles Per Cent 
4 4 
1: 5 
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Waaener, K. W. (Ann. der Phys. 1913, vol. 40, p. 817, and 
Elek. Zeit. 1913, vol 34, p. 1279, developed Maxwell’s theory of 
residual charges arriving like Maxwell, and unlike Trauton and 
Russ, at an exponential equation for residual charge current. 
He showed that his theory is consistent with observed facts: 
regarding the relation between power factor and frequency. 
He also showed that his theory leads to the possibility of more 
than one maximum of dielectric loss at various temperatures, 
this also being in accordance with observed facts. 


EVERSsHED, S. (Jour. of I. EH. EH. 1914, vol. 52, p. 51) says that: 
in absorbent insulators the conduction is not normally through 
continuous filaments of moisture but byendosmose. He explains 
endosmose as a motion of films of water along the walls of an 
insulator due to the water being electropositive to practically 
all solid insulating materials and being therefore drawn through 
the pores of the solid toward its electronegative end, where a. 
potential gradient is impressed on the solid. He explains the 
well-known time fall of insulation resistivity as being due to 
the spreading of moisture globules over internal surfaces of the 
solid insulation under the influence of endosmose, 7. e., normally 
the moisture exists in globules separated by dry internal laby- 
rinth surfaces of solid, but when a potential gradient is applied, 
these globules spread over the surfaces of the labyrinth and 
reduce the resistance. When the potential gradient is removed, 
the films coalesce into globules causing the resistivity to rise. 
Under the influence of an alternating potential gradient, the 
globules do not have time to spread over the surfaces, but vibrate, 
causing a loss of energy. Evershed made a model insulator 
consisting of an inverted V-tube containing alternate drops 
of water and air, the ends of the tube being each set in a beaker. 
When a potential gradient was established between beakers, 
the drops of water spread along the walls of the glass tube, 
and the resistance characteristics were found to be similar to 
those of an absorbent insulator. When the potential gradient 
was raised, failure began in the form of sparking along the films 
from one drop to another. 

Wacner, K. W. (Elek. Zeit. 1915, vol. 36, p. 111) developing 
Maxwell’s theory of composite dielectrics shows by simple 
calculations that in a dielectric composed of two elements, one 
of which has resistivity r and specific capacity k and the other 
resistivity R and specific capacity K, the residual charge will 
be zero ifr k = RK. He also suggested that the dielectric loss 
would be zero under these conditions. 

Skinner, C. EB. (Jour. Franklin Inst. 1917, vol. 183, p. 667) 
showed that the dielectric loss in transformer insulation follows 
the equation W = k EB” where the constants have the following 
values: 


Temperature 
Deg. Cent. k n 
30 0.025 2.34 
40 0.032 2.27 
50 0.044 De2e 
60 0.068 PAPAL 
70 0.107 ya le} 
80 Ona: Zhe 


W = Watts lost and E = effective kilovolts. 


Bane, A. F. ann Louis, H. C. (GMa IN ls Bis, AB TOL 
vol. 36, p. 431) following the method suggested by Walker, 
developed a method of determining the influence of dielectric 
losses on the rating of cables. They determined dielectric 
losses by the heating effects and gave data on the emissivity 
of conduit lines. ; 

Cuark, W. S. AND SHANKLIN, G. B. (Trans. A. I. KE. E. 1917, 
vol. 36, p. 447) give formulas for calculating dielectric loss in 
three-phase cables, data on dielectric losses, resistivities and 
specific capacities. They showed that when an impregnated 
paper cable is bent, voids are created which become filled with 
gases from the volatilization of the oils, pp. 458-460. These 
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reduce the resistivity at high voltages due to the ionization of 
the gases. A comparison of losses in old and new cablesis given. 


Arxinson, R. W. (Trans. A. I. E. E. 1917, vol. 36, p.521). 


says that tests on impregnated paper cables at 25 and 60 cycles 
showed that the loss at 25 cycles is always somewhat less than 
at 60 cycles, and in some cases, is in almost direct ratio with the 
frequency. In other cases, there is little difference. Tests 
on a dried but unimpregnated paper lead cable showed the di- 
electric loss to be extremely low at all temperatures. 

Swynaepauw, R. (Revue Gen. d’Elec. 1919, vol. 5, p. 283) 
said that tests on triplex cables indicate that the dielectric loss 
obeys the following law: 

W=(a+dE)fCE 

where a and 6 are constants, C is the capacity, f the frequency 
and F the voltage. 
VII. Grading of Insulation 

Jona, E. (1898) made graded cables and exhibited them at 
Milan. 


O’Gorman, M. (Journal I. E. E. 1901, vol. 30, p. 608) showed 
that to get uniform stress in a dielectric, the product K x must 
be constant where K is specific capacity and x = radial distance 
from the axis of the cable. 


Morris, J. P. (Jour. I..EB. E. 1907, vol. 40, p. 50) claims 
to have first suggested the use of intersheaths in the cable instal- 
lation, in order to anchor the potential of the various layers of 
insulation in any manner desired by means of connections out- 
side of the cable. 


Russet, A. (Jour. I. H. H. 1907, vol. 40, p. 7, and Electrician 
1907, vol. 60, p. 160) said that when a dielectric under stress 
breaks down, a disruptive discharge ensues only when the effect 
of this partial breakdown is to increase the electric stress on the 
remaining portion. He also pointed out that in a composite 
dielectric subjected to alternating pressures, the voltages across 
the layers are usually out of phase with one another, and there- 
fore that across each layer may be greater than indicated only 
by the thickness of the layer. 


Ossporne, H. (Trans. A. I. E. EH. 1910, vol. 29-2, p. 1553) 
gave revised form ulas for the design of graded cables. He also 
advanced the theory that solid heterogeneous dielectrics fail due 
to corona in the elements of lower specific capacity. This corona 
is assumed to be in the form of needle points. 

Beaver, C. J. (Jour. I. H. H. 1914, vol. 53, p. 57) mentions 
disadvantages of graded insulations and claims that desired 
results could be better obtained by means of intersheaths, 
because (1) no chemical interactions, (2) easier to joint, (3) no 
electrical discontinuity, (4) could be tested layer by layer as 
manufactured, (5) much wider latitude in choice of potentials. 

Crarx, W.S. AND SHANKLIN G. B. (Trans. A. I. BE. E. 1919, 
vol. 38-1, p. 923) say that practically no advantage is gained by 
an attempt to grade with rubber, varnished cambric and im- 
pregnated paper because the maximum allowable working stresses 
in these materials are inversely as their specific capacities. 
They claim that it is better to have the insulation a homogeneous 
compact mass of impregnated paper. 

VIII. Miscellaneous Data 


Ruins, G.(Comptes Rendus, 1900, yol. 131, p. 505) says that 
the metal of cables penetrates the insulation and destroys its 
insulating properties. He said that after 20 years, gutta- 
percha insulation will show copper in its outer layers, whereas 
with impregnated paper only a few layers were penetrated in 
four years. (No other experimenters report this phenomenon). 

O’Gorman, M. (Jour. I. E. E. 1901, vol. 30, p. 608) called 
attention to the effect of putting in series two elements of insu- 
lation having different specific capacities. He showed that the 
potential gradient is altered, the material of lower specific 
capacity carrying the greater part of the total potential drop 
across the two elements. (This fact seems to have been known 
to others at an earlier date.) 


RATING OF CABLES 


Journal A. I. E. E. 


Newsury, F. J. (Cited by Perrine, Trans. A. I. E. E. 1902, 
vol. 19, p. 1067) said that in his experiments with fiber cables 
he could increase the dielectric strength of the cable up to a cer- 
tain point, by increasing the thickness of insulation; beyond 
that point the cable seems to breakdown at almost the same 
potential, irrespective of increase in thickness. 

Lanasporr, A. 8. (Elec. World 1908, vol. 52, p. 942) reported 
tests on various insulating materials at frequencies from 30 to 
110, that seemed to indicate that if the applied e. m. f. is above a 
certain critical value, breakdown occurs after a definite number 
of repetitions of the electrostatic stress. 

THornton, W. M. (Phil. Mag. 1910, vol. 19, p. 390) showed 
that the electrical movement in a dielectric, when isolated in 
the field, is entirely confined to the molecule and is therefore 
neither metallic nor electrolytic in type, but is a continued dis- 
placement of the atomic charges to a greater degree of separation. 

Perersen, W. (Archiv. fur Elektrotechnik 1912, vol. 1, p. 28) 
showed that the refraction of lines of forces at the junction of 
two particles of different specific capacity in a dielectric may lead 
to an increase of dielectric stress. 

Hourtum, W. (Abstracted from a report to I. E. E. in Elec- 
trician 1913, vol. 71, p. 640) made tests on the relative dielectric 
strengths of ebonite for instantaneous and prolonged 50-cycle 
voltages and found that for stresses lasting a tenth of a second, 
the strength is only 25 per cent greater than for long continued 
stresses. 7 

Licutenstesin, L. (EH. T. Z. 1917, vol. 33, p. 1179) says that 
the progress in the use of thin walls of insulation for high volt- 
ages is not due to a lower standard of safety in working, but 
to improved chemical, physical and mechanical processes of 
manufacture. He says that probably at very high test pressures 
an excess of 25 or 50 per cent over the working pressure ought 
to suffice. 

Burman, C. A. (Elec. World 1918, vol. 71, p. 812) showed that 
the specific capacity of a heterogeneous combination, such as 
of fullerboards soaked in oil, separated by three layers of para- 
ffin, may be greater than that of either component alone. Thus, 
combination = 4.25, fullerboard = 3.32, paraffin = 3.69. 

Fernin, F. (Electrician Oct. 10, 1919, p. 416) pointed out the 
superior dielectric strength of oil around small as compared 
with large conductors. 

ZuLENY, J. (Phys. Review 1920, vol. 16, p. 102) explained the 
added dielectric strength of an ionizable dielectric in contact 
with a small electrode as being due to the high potential gradient 
at the surface of the electrode as compared with that a short 
distance away, the velocity of the ions consequently dropping 
below the value necessary for ionization by collision, when 
they have travelled a short distance from the electrode. 

Frernin, F. (Beama, Sept. 1921, p. 244) suggested that the 
stress which determines the failure of a cable is the minimum 
stress not the maximum. 

Fricut, W.S. (Journal I. E. E.1922, vol. 60, p. 218) gives data 
on the effect of heat on the electric strength of paper, micarta, 
varnished cloth and other materials. He showed that the elec- 
tric strength of varnished cloth is about 42 per cent less at 100 
deg. cent. than at 30 deg. cent., that of oil saturated paper, 
about 27 per cent less. 
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Dielectric Losses and Stresses in Relation to 
Cable Failures 


BY D. W. ROPER 
Fellow, A. I. E. E. 
Commonwealth Edison Company, Chicago 


Review of the Subject.—When transmission cables were 
first operated at potentials exceeding about 7500 volts, it was 
noted that cable failures occurred in service with loads materially 
below those which had theretofore been found to be permissible 
with low-voltage cables, and this reduction in carrying capacity 
increased with increase of the normal working potential. For 
example the author has previously reported that No. 0 A. W. G. 
four conductor cables operating on a four-wire three-phase system 
with a maximum normal potential of about 4000 volts between 
phases carry 200 amperes on each of three conductors without damage 
due to the overheating, whereas a 250,000-cir. mil cable operated 
at 20,000 volts was found to have excessive burn-outs if the load 
exceeded 175 amperes per conductor. 

For a number of years it has been recognized that this reduction 
in carrying capacity of high-voltage cables was due to the dielectric 
losses and a number of papers have been presented to the Institute 
on this subject. A temperature survey of the 20-kv. cable above 
mentioned showed that nearly all of the burn-outs occurred in a 
portion of the conduit near the substation, which conduit contained 
a large number of heavily loaded cables, and in which the tempera- 
ture was 10 deg. to 15 deg. cent. higher than the rest of the conduit. 
This portion of the 20-kv. line was replaced over two years ago 
with cable having a low dielectric loss, since which time no further 
cable failures have occurred. 

The method of analysis first suggested by Bang and Louis and 
later extended by Clark and Shanklin was applied to this particu- 
lar case, and the carrying capacity for the cable as determined in 
this manner was found to agree closely with the results of experience. 
The method was therefore extended so as to determine the law con- 
necting the size of conductor, the dielectric loss and the carrying 
capacity. Curves and charts are presented showing the carrying 
capacity of all sizes of three-conductor cables above 100,000 cir. mils 
and of the entire commerical range of dielectric losses. These 
results were then compared with the operating records of atransmisston 
system having cables ranging in size from No. 00 A. W. G. to 500,000 
cir. mils and with operating voltages of 9, 12, 20 and 22 kv. The 
results of this comparison appear to indicate that practically all 
failures on these transmission lines, which were not due to external 
damage to the lead sheath, were due to the cables being loaded beyond 
their safe carrying capacity, and that the dielectric losses had not 
been given proper consideration in determining the carrying ca- 
pacity of these cables. 


During the year 1921 the number of cable failures on the 20,000- 
volt lines was about one per hundred miles. This was about the 
same as the record on the 9000-volt cables, and this result leads to 
the conclusion that when the transmission cables are operated 
at safe loads, in the determination of which dielectric losses have been 
given proper consideration, the resulting failures are of the order 
of one per hundred miles per year. This result indicates that very 
few of the cable failures which have occurred in the past are due to 
dielectric stresses and that most of the failures occur due to the re- 
duction in dielectric strength caused by the heating of the cables 
above their critical temperature. 


Foreign cable manufacturers and operating engineers have 
apparently appreciated the reduction in carrying capacity due 
to dielectric losses as they ordinarily limit their maximum con- 
ductor temperature to a point well below the critical temperature 
as determined by these investigations. Their publications also 
appear to indicate that they fully appreciate that the quality of 
the insulation is of prime importance and that increased security 
cannot be obtained by increasing the thickness of insulation without 
improving the quality. The tests on cables made at the factory 
indicate that with the thicknesses of insulation that are commonly 
used in this country, and with the insulation of the first quality, 
the cable will pass the test required by the Standards of the A. I. E. E. 
with a wide margin of safety. 


Dielectric strength tests made on foreign cables and reported 
in the technical press indicate that the dielectric strength is generally 
materially above the corresponding figures obtained from tests on 
cables made in this country by a number of leading manufacturers. 
Apparently some material reductions in the thicknesses of insulation 
now used in this country for the transmission voltages can be made 
if the insulation is of first quality and has a low dielectric loss. 
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INTRODUCTORY 


URING the past few years a number of papers 
D concerning dielectric losses of impregnated 
paper insulation has been presented to the 
Institute and has contributed interesting and valuable 
information to our knowledge of this subject. As this 
knowledge increased, it has been apparent to some 
engineers that many of our transmission cable burn- 
outs were due to the dielectric losses and the resultant 
heating and not primarily to the dielectric stresses. 
In the past, engineers in charge of the operation of 
To be presented at the A. I. E. E. Annual Convention, Niagara 
Falls, Ontario, June 26-30, 1922. 


transmission cables have repeatedly stated that trans- 
mission cables did not burn out from overload, and 
apparently based this statement on their experience 
with the carrying capacity of low-voltage cables. It 
now appears that these statements were in error, and 
that in making these statements, the engineers did 
not appreciate the extent to which the carrying ca- 
pacity was limited by the dielectric losses. If the 
present symposium, of which this paper is a part, will 
do something toward clarifying our ideas on the relation 
of dielectric losses, dielectric stresses and temperature 
of the insulation to cable failures, it will have served a 
very useful purpose. 
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DATA ON CABLE F'AILURES 
In order to secure some data which might assist in 
reaching proper conclusions on this subject, the records 
of the transmission line of the Commonwealth Edison 
Company for the past eighteen years have been com- 
piled and are shown in Figs. 1, 2 and 3. In preparing 
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Fig. 1—Recorp or 9000-VoLr TRANSMISSION CABLE FAILURES 


On system of Commonwealth Edison Company. 

Curve 1—Internal troubles. 

Curve 2—External damage. 

Curve 3—Total. ri 

Troubles due to lightning; failures on tests and joint troubles excluded. 


these records, all failures caused by external injury to 
the lead sheath or by lightning, or failures on test, 
and all joint troubles have been eliminated so as to 
leave only failures of the cables which occurred in service. 
The amount of transmission line in service throughout 
this period is shown in Fig. 4. 

Previous to 1919 all of the cables on this system 
had the paper insulation impregnated with a rosin oil 
compound. Beginning with that year, the cables 
have been purchased under specifications which in- 
cluded a dielectric loss guarantee, and in each succeeding 

. year there has been some reduction in these guarantees. 
As a result, this record includes transmission cables 
ranging in size from No. 00 A. W. G. to 500,000 cir. 
mils and having dielectric losses ranging from about 
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Fig. 2—Recorp oF 12,000-Vorr Transmission CABLE 
FAILURES 
Curves 1, 2 and 3, same designations as Fig. 1. 
0.5 to 15 watts per foot or more when measured at 
85 deg. cent. at their normal operating voltages of 
9, 12, 20 and 22 kv. It would be confusing to show 
the dielectric loss curves in watts per foot for this 
large range of sizes, as the losses vary with the size of 
the conductor. It will be more illuminating to show 
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the range of power factors of the dielectric loss for 
the various kinds of cable, and an assortment of such 
curves is shown in Figs. 5 and 6. 

In order to analyze the operating results for the pur- 
pose of determining which, if any, of the cable failures 
have been due to dielectric losses, it is necessary to 
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Fig. 3—Recorp or 20,000-Votr TRANSMISSION CABLE 


FAILURES 
Curves 1, 2 and 3, same designations as Fig. 1. 

devise some method of rating the cables, that is, a 
method of determining their carrying capacity which 
will take into consideration the dielectric losses as well 
as the copper losses. Such a method was suggested 
by Bang and Louis in their Institute paper on Dielec- 
tric Losses, presented in June, 1917, and further de- 
veloped by Clark and Shanklin in their paper on Single- 
Conductor High-Tension Cable, presented to the In- 
stitute in June, 1919. The application of the method 
may be best understood by its application to a spe- 
cific example. 

In March, 1917 there was placed in service a 250,000- 
cir. mil three-conductor 22,000-volt transmission line, 
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Fig. 4—Amount or UNDERGROUND TRANSMISSION CABLE 
IN SERVICE, ComMMONWEALTH Eptson ComPANY 


No. 3801, from a suburban generating station into one 
of the outlying substations. The 4000 feet of this 
cable next adjacent to the substation was in a heavily 
loaded conduit, and repeated burn-outs occurred in 
this section. A temperature profile of this conduit 
taken by a recording thermometer in one of the vacant 
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Sele eee in Fig. 7. A sample of this cable was curve showing the variation of dielectric loss with 
or dielectric loss, and the results are shown in temperature to start with, we can for any temperature 
Fig. 8. In the hope of reducing the number of failures subtract the dielectric losses from the total radiation 
in this cable, the 4000 feet in the heavily loaded con- and secure the copper losses. From the latter figure, 
the current in the cable can be readily calculated. The 
results of such calculations for the old and the new 
cable are shown by curves in Fig. 8. 
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Fig. 7—TrmmreraturE Prorine IN Vacant Ducts ALONG 
Line No. 3801 

Taken about April 1, 1922. 

The temperature near the substation was lower at this time than at the 
time of the line failure described in the text due to several loaded cables 
having been removed from the conduit line, thus reducing the total losses 
in conduit about 15 or 20 per cent. 


POWER FACTOR PERCENT 


. A chart from the recording ammeter on this line 
By ; YZ ° . 5 5 
a ATs | is shown in Fig. 9. This chart shows a normal load of - 
0 ee about 150 amperes on the line up to about 5:20 p.m. . 


TEMPERATURE DEG. CENT. at which time, owing to some trouble in other portions 
Fig. 5—Drievecrric Loss Curves or 12,000-Vott CaBLEs of the system, the load was increased to about 225 am- 
The highest power factors are from cables impregnated with rosin oil peres for about an hour and three-quarters. As it 

compounds. The lowest losses are from cables impregnated with a mineral was known that this line would not carry this load 

oil compound. The intermediate curves are from cables with various ° 

mixtures of the two compounds. continuously, the load was reduced about 7:15 p. m. 

to what was considered a normal load for the line, and 

duit was replaced with cable having a low dielectric this load was carried until about 11 p.m., when a 

loss as shown in Fig. 8. In the same figure is also 

shown the Clark and Shanklin line for average duct 
radiation which was obtained as the average of a large a = 

number of observations, and shows for each tempera- i, 
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piles eaters ‘alin further reduction occurred. The line burned out the 
TEMPERATURE. DEG. CENT. 2 following morning about 3:30 a. m. 

Referring now to Fig. 8, it will be noted that the 

current of 225 amperes was materially above the 


ture the number of watts that can be radiated from critical current for this line. This means that the 
the cable in one duct. In order that the temperature losses in the cable were greater than the radiation, so 
of the cable may be constant, the losses in the cable that the temperature rapidly increased. A peak load 
qual the amount of heat radiated. With a of 175 amperes had previously been found possible 
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with this line if it did not continue very long and was 
sharply reduced thereafter. In this case, however 
the load of 175 amperes, which is about the critical 
load for this line, followed a peak load somewhat 
greater so that the temperature of the line having been 
materially increased by this heavy load, the total 


Fig. 9—Recorping AMMETER CHART ON LinE No. 3801 


Showing a load in excess of the critical current in the evening, followed by 
failure about 3:30 the following morning, October 28, 1919. 


losses with 175 amperes were still above the radiation 
line, and the temperature continued to increase so 
that when the load was still further reduced to 100 
amperes about midnight, the temperatures continued 
to increase until the line failed. These statements do 
not mean that the temperature of the cable through- 
out its entire length increased as above described, and 


—— 


Sheath Temperatur 


es) 
oO 


Sheath Temperature 
(B) 


3 


TEMPERATURE DEG. CENT. 
| 


to 
[=] 


0 16 20 


8 12 
FEET OF CABLE 


Fig. 10—Lasoratory Herat Test on 250,000-Crr. Min 
TuHREE-CoNDUCTOR CABLE 


With 6/32-in. insulation around each conductor and 4/32-in. outer belt 
paper insulation impregnated with rosin oilcompound. Reproduced from 
Report of Underground Systems Committee, National Electric Light 
Association, 1913. 

A. Cable operated with 225 amperes at 12,000 volts. 

B. 225 amperes, 0 volts. Temperatures taken by thermometers. 


in fact it is very probable that the temperature did 
not increase above normal except for a very small 
portion of the cable where the dielectric losses were 
higher than in the adjacent portions. This is demon- 
strated by Fig. 10 which shows the results of a labora- 
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tory test made on a piece of 250,000-cir. mil, three- 
conductor cable and is from the N. E. L. A. Under- 
ground Systems Committee report for 1918. This 
cable was operated with 225 amperes on each con- 
ductor, and with 12,000 volts between conductors. 
It will be noted that the heating in the cable was far 
from uniform throughout its length and that at one 
point the temperature was about 18 deg. cent. above 
another point eight feet distant. The figure indicates 
that had the thermometer at this high point been a 
little further to the right, a still higher temperature 
would have been recorded. 

Following the experience in this case, the practise 
was adopted of shifting the load within a few hours 
after a heavy peak load had been carried so that the 
line could be opened at both ends thus stopping the 
dielectric losses. The line then cooled rapidly so that 
it was at normal temperature before being placed in 
service for the day load the following morning. This 
method of operation was followed until the cable in 
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Fiq. 11—Herat Run on No. 00 TuHree-Conpuctor CABLE 


With 9/32-in. insulation around each conductor and 6/32-in. outer 
belt paper insulation, impregnated with rosin oil compound. 


the 4000 feet of hot conduit had been replaced by the 
cable with low dielectric loss, and as a result, no further 
burn-outs have occurred on this line. 


It is quite possible however, that cable failures due 
to dielectric losses may not occur until several days 
after the line has carried a load in excess of the critical 
current. This may be illustrated by Fig. 11 which 
shows the increase in temperature in a cable which 
carried current only for about 9 hours and then current 
and potential for 10 additional hours. The upper part 
of this temperature curve indicates that had the test 
been continued a few hours longer, the curve would 
have become concave upward in which ease the cable 
would have failed within a short time. 


If a cable carries a maximum load that is less than 
the critical current each day on an ordinary load cycle 
with a daily load factor of about 50 per cent, then the 
cable will cool to about the same minimum tempera- 
ture each night. If the cable carried for an hour or 
two a peak load, that exceeds the critical current, the 
minimum temperature at the time of minimum load 
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will be a little higher than the minimum which occurs 
in the ordinary cycle. Suppose, now, that the peak 
load exceeded the critical current for a sufficient time 
so that the minimum temperature following was, say, 
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Fig. 12—Dievectric Loss Data ASSUMED FOR PURPOSES OF 
CALCULATIONS 


Based on a number of laboratory tests made for Commonwealth Edison 
Company. 

In referring to these curves later, the lines will for convenience be desig- 
nated by their loss at 85 deg. cent. 


15 deg. higher than normal. This would mean that 
the cable would start on its ordinary load cycle 15 
deg. warmer than usual, and its maximum temperature 
with its ordinary load cycle would probably exceed the 
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With dielectric losses as shown in Fig. 12 calculated from the Clark and 
Shanklin line for average duct radiation. 


critical temperature on the following day. Under 
such circumstances, the maximum temperature would 
increase somewhat day after day, with the ordinary 
load cycle, and in a few days the increase would be 
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sufficient so that the cable would not fall below the 
critical temperature even at the time of minimum load. 
Then a burn-out would follow in a comparatively few 
hours, as illustrated above on Line 3801. Many of 
the failures of cable due to dielectric losses have occur- 
red in this manner several days after the unusual load 
or other abnormal temperature conditions which were: 
the primary cause of the failure. 

It is not necessary that the exact cycle above des- 
cribed be followed in order to produce a cable failure 
from dielectric loss, and a failure may result whenever 
the temperature of the cable is raised in any manner 
to a point above the critical temperature. The trouble 
may be due primarily not to the load on the cable which 
fails, but to heavy loads being carried on other cables 
in the same conduit so as to raise the ambient tem- 
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Fig. 14—Curve Suowine tHE Errect or DIELECTRIC 
Loss ON THE CRITICAL CURRENT OF 250,000-Cir. Min. THrer- 
ConpucToR CABLE 

Plotted from curves in Fig. 13. 


perature. External sources of heat will also produce 
the same result, such as steam being turned into a 
sewer which is adjacent to the conduit line. Most 
companies operating high-voltage transmission lines 
have had experience with cable failures due to such 
causes. One company reports that it had to move 
transmission lines out of conduits which were laid 
close to the curb wall because of a bake oven located 
under the sidewalk and next to the curb wall. Other 
companies have reported difficulties due to the radia- 
tion losses from underground steam mains 15 to 20 
feet distant. 


EXTENDING THIS METHOD TO COVER ALL GRADES OF 
CABLE 

By securing dielectric loss curves from cables cover- 

ing a wide range of losses per foot, we can make similar 

calculations for a number of sizes and thus discover 
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the manner in which dielectric losses affect the carrying 
capacity. 

Figs. 5 and 6 give the dielectric loss results from a 
large number of cables, and with these and other similar 
data we can assume a number of dielectric loss curves 
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Fig. 15—Curves SHOWING FOR SEVERAL SizES OF CABLE, 
THE VARIATION OF CRITICAL CURRENT AND CRITICAL TEMPERA- 
TURE WitH DieLecTRIc Loss : 


over the entire commercial range of dielectric losses. 
It is not possible to make these assumptions with 
minute accuracy because the dielectric loss curves of 
cable furnished by different manufacturers are of 
different shape. After trying a number of ways of 
plotting the curves, it was found that when they 
were plotted on semi-log paper, part of the curves 
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would be convex upward, part straight lines, and 
part convex downward. Accordingly the assumptions 
were made as shown in Fig. 12 and these assump- 
tions fairly represent the average of the dielectric loss 
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curves from cables over a wide range of quality as 
obtained from six different cable manufacturers. 

For each of these assumed dielectric loss lines, cal- 
culations for 250,000-cir. mil, three-conductor cable 
were made as shown in Fig. 18. It will be noted in 
this figure that each of the curves of cable having the 
higher dielectric losses has a maximum point, called 
the critical current, which occurs at the critical tem- 
perature. It is, therefore, possible to plot this critical 
current against the dielectric loss as shown in Fig. 14. 
By adding the isothermal lines and the curves corres- 
ponding to 80 per cent and 90 per cent of the critical 
current, the data plotted in this way become a very 
convenient form for studying the performance of any 
particular size of cable. 
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With various dielectric losses and calculated from the Clark and Shank- 
lin line for average duct radiation and from the dielectric loss lines shown in 
Fig. 12. 

For a 250,000-cir. mil cable with four watts dielectric loss, the critical 
current is found to be 248 amperes. By following along the four-watt line 
to the 100 per cent scale, we find that the maximum copper temperature 
would be about 83 deg. cent. To find the temperature corresponding to 
90 per cent of the critical current, multiply 248 amperes by 0.90, equals 
223 amperes. Find this point on the 250,000-cir. mil line and then follow 
parallel to the diagonal lines to the 90 per cent temperature scale and get 
corresponding temperature of 62 deg. cent. 


Similar calculations for a number of sizes of cable 
have been made, and their critical currents plotted 
against dielectric loss are shown in Fig. 15. In plotting 
these curves, it was noted that all sizes of cables having 
the same dielectric loss in watts per foot reach their 
critical current at the same temperature. It is there- 
fore possible to add a temperature scale as shown in 
Fig. 15. From Fig. 13 and Fig. 15 it will be noted that 
a cable without dielectric loss has no critical current, 
and also that a cable with a low dielectric loss reaches 
its critical current at a temperature above the maxi- 


mum permissible temperature for impregnated paper 
insulation. 
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In Fig. 16 is shown the curve of variation of the 
critical temperature with the dielectric loss. It would 
obviously be quite impossible to operate cables at their 
critical temperatures as determined by a dielectric 
loss test on a sample of cable, as such a test gives the 
average loss per foot for the entire sample and does not 
show the maximum dielectric loss at any point on the 
cable. Accordingly additional curves are included in 
Fig. 16 which show the temperatures that would be 
reached with several percentages of the critical current. 
From these curves it will be noted that a material 
reduction in the maximum temperature of the insula- 
tion can be made by a moderate reduction in the current 
below the critical current. 


If the curves shown in Fig. 15 are transferred to 
logarithmic coordinate paper as shown in Fig. 17, it 
is found that the curves become straight lines and 
this permits using the calculations for all sizes of cable. 

Fig. 17 shows the rating of all sizes of cables and in 
a full commercial range of dielectric losses as calculated 
by this method. By comparing this rating with the 
operating records of the system under discussion, and 
using as the ambient temperature the temperature 
obtained by a recording thermometer in an idle duct 
and about twenty feet from the manhole, we find that 
first, the transmission cables have in the past been 
frequently operated at or above their critical currents, 
and second, if the loads on the transmission cables 
are limited to about 90 per cent of the critical currents 
during the cooler months of the year and to about 80 per 
cent in the summertime, transmission line failures due 
to the dielectric losses will be practically eliminated. 


ANALYSIS OF THE CABLE FAILURE RECORDS 


Referring now to the cable failure records of the 9000- 
volt cables, as shown in Fig. 1, this curve shows occa- 
sional peaks, and although the dielectric losses at 
9000 volts are comparatively low, we know that some 
of these failures followed serious overloads. Some of 
these cases of trouble have occurred on one of three 
lines to a substation when one line was out of service 
on account of construction work in the substation, 
and some accident placed a second line out of service, 
thus putting the whole load on one line. In Fig. 3 
showing the cable failure records of the 20,000-volt 
cables, there are several very pronounced peaks. It 
is now quite thoroughly understood that these peaks 
were due to the overloading of the cables beyond their 
critical current. The very pronounced peak in 1913 
and 1914 followed the addition of a 24-hour load to the 
load previously carried on one group of lines which was 
reduced by the installation of an additional line in 
1915. The pronounced peak in 1919 was due largely 
to the troubles on Line 3801 above mentioned. In 
1921 however, after the low-loss cable had been sub- 
stituted for the high-dielectric-loss cable in the hot 
conduit, and after a portion of the load on certain 
other lines had been transferred to the 12,000-volt, 
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60-cycle system, thus bringing the load on all 20,000- 
volt cables below their critical current, it is to be noted 
that the cable troubles dropped to about one per 
hundred miles per year or about the same as for 
the 9000-volt cables. This result indicates that prac- 
tically all of our previous cable troubles on the 20,000- 
volt lines were dielectric loss failures and that when 
the load on these cables are kept within the limits at 
which the dielectric loss failures occur, then the remain- 
ing failures, that is, the failures due to dielectric stresses 
are quite insignificant. 

The causes for the peaks in the 12,000-volt cable 
failures are more complicated. When the 12,000-volt 
system of tranmission to substations for alternating- 
current distribution was first installed to replace the 
motor-generators previously used for changing the 
frequency from 25 to 60 cycles, some of the old 9000- 
volt cables were transferred to 12,000-volt service. 
In addition, other cables were installed having the 
same insulation as the 9000-volt lines. Quite a few 
of these cable troubles were due to paper insulation 
being torn by sharp bends in manholes, and a larger 
number perhaps was due to the attempt to carry on 
these lines the same loads as had been previously carried 
on the 9000-volt lines, that is, due to the failure to make 
a proper allowance for the reduction in carrying ca- 
pacity caused by the increase in dielectric losses at 
the higher voltage. 

The two latter peaks were due in large part to the 
failures of cable forming tie line between large genera- 
ting stations. On account of the necessity of cleaning 
and overhauling the turbo-generators in these stations, 
it is necessary to shut each generator down for a period 
of several weeks during the light-load period, and as a 
result of the load on these tie-lines is frequently ata 
maximum during this generator cleaning period in 
the summer-time. A number of these 12,000-volt 
cable failures also occurred in a conduit near the 
Northwest Station, where for a distance of about one 
block, two heavily loaded conduits were only a few 
feet apart, thus affording insufficient opportunity for 
the radiation of the heat. This trouble was stopped 
temporarily by cooling the conduit line with a stream 
of water applied intermittently. Later the 12,000-volt 
rosin-oil-impregnated cables were replaced with other 
cables having low dielectric losses. 

Particular attention has to be paid to this question 
of conduit temperature, due to heavily loaded cables 
in the vicinity of stations and substations. Fig. 18 
shows the temperature profiles of two conduit lines 
between the Fisk Street Station and the Calumet Sta- 
tion, in which there are several pronounced peaks 
along the route in the vicinity of substations. There 
is also a pronounced peak near the Fisk Street Station 
due to temporary storage of coal on the ground above 
the conduit line. 

Another feature of interest in Fig. 2 is the record 
of cable failures due to external causes. These cables, 
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as above mentioned, have the same insulation thickness 
as the 9000-volt cables. On a large system it would, 
at first thought, be reasonable to suppose that the 
percentage of failures due to external causes would be 
the same for all voltages of cable. Quite a few in- 
stances have occurred, however, where 9000-volt cables 
had their lead sheath damaged and no failure occurred, 
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whereas under the same circumstances failures have 
occurred in the 12,000-volt cables. Several of these 
12,000-volt failures assigned to external damage have 
occurred in cables which, upon being withdrawn for 
repairs after failure occurred, showed marks on the 
lead sheaths, indicating damage at the time of instal- 
lation. A number of cases of damage to the lead 
sheath of 9000-volt cables have been found when the 
cables were being withdrawn for reinstallation at an- 
other location, and experience appears to indicate that 
had these cables been operated at 12,000 instead of 
9000 volts, cable failures would have resulted. In one 
ease, a 9000-volt cable, upon being withdrawn, was 
found to have the lead sheath burned off for a maximum 
length of two feet and a maximum width of about 
two inches, and the burn extended entirely through 
the outer belt insulation. This cable was installed 
in single-duct vitrified tile conduit and the damage 
had been caused by the failure of another cable in an 
adjacent duct about one year previously. The cable 
which was withdrawn had been in service throughout 
this period in the damaged condition and without 
developing any trouble at this location, although 
the cable was only six inches above the permanent 
ground water level. 


These several experiences appear to indicate that 
the 9000-volt cables have such an excess of insulation 
for the working voltage, that the increased dielectric 
stress due to these injuries to the lead sheath is not 
sufficient to cause a cable failure, although failures 
of 12,000-volt cable would generally occur under the 
same conditions. 

Another contributing cause for the increased number 
of external damage failures of the 12,000-volt cables 
is that these lines have been installed more recently 
than the 9000-volt lines, and are therefore installed 
in ducts above the 9000-volt cables. Damages due 
to digging in the street would, therefore, be more 
likely to affect the 12,000-volt cables. 
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RESULTS OF TESTS ON CABLES AT THE FACTORIES 


During the past three years the cables for addition to 
this transmission system have been purchased under 
specifications practically identical with those included 
in the report of the Underground Systems Committee 
of the N. E. L. A. for the year 1920, and the cables 
have been carefully tested at the factory in order to 
insure that they complied with the specifications in 
all respects. In addition, laboratory tests were made 
on impregnated paper from the cables to determine 
its quality. 

Fig. 19 shows the results of a series of such tests 
that is quite representative and typical. In the 3 
folding endurance test the number of double folds of 
different samples varied from 45 to 13,000, while the 
other tests showed a much smaller variation. 
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Fic. 19—Typican Trsrs on Puysican PROPERTIES ON 
IMPREGNATED Paper INsuLATION SHOWING VARIATION IN 
QUALITY OF PAPER 


The two lines given for each series of tests represent the average and 
minimum values of results of tests on several samples of paper from each 
piece of cable. A denotes no tearing of paper in bending test in accord- 
ance with N. E. L, A. cable specifications; B denotes slight tearing, and 
C very bad tearing. 


The tests made on these cables at the factory also 
showed a very large variation in the dielectric strength 
of the samples. In general, however, the cables passed 
the tests required by the Standards of the A. I. E. E. 
with a rather wide margin. Asa result, the thickness 
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of insulation during this period has been gradually 
reduced. For low-voltage cables the reduction in 
thickness of insulation has been about 50 per cent 
and for the high-voltage cables about 25 per cent to 
35 per cent. Before making the last reduction, sample 
reels of cables with thin insulation were secured from 
several manufacturers and submitted to all the regular 
and special tests called for by the Standards of the 
A. I. E. E. and the N. E. L. A. cable specifications. 
The thicknesses as finally adopted are practically 
the same as the recommendations by the British Engi- 
neering Standards Association for voltages below 6000 
and above this are practically the same as the thick- 
nesses being used by some of the larger English com- 
panies. However, one of the latter companies has 
recently, on the basis of its own experience and on the 
advice of its consulting engineers, made a further 
reduction of 25 per cent in the thickness of insulation 


of cable for 20,000 volts normal operating pressure, the _ 


insulation being 300 mils between conductors and 210 
mils to ground. The usual British practise calls for a 
maximum copper temperature of about 50 deg. cent. 
for transmission cables. Correspondence with English 
consulting engineers and cable manufacturers shows 
that their high-voltage cables have about the same 
dielectric losses as those furnished by the leading 
manufacturers in this country, that is, if measured at 
85 deg. cent. the dielectric losses on their 20-kv. cables 
would be of the order of one watt perfoot. By referring 
to Fig. 14, it wili be noted that for a dielectric loss of 
one watt per foot and a copper temperature of 50 deg. 
there is a rather wide margin between the operating 
current and the critical current which might result 
in cable failures due to dielectric losses. Apparently 
therefore our British friends are of the opinion that as 
long as they continue to operate their cables under 
conditions which eliminate burn-outs caused by di- 
electric loss heating, then they can secure satisfactory 
operation with an insulation thickness less than two- 
thirds of what is considered necessary in this country. 


BETWEEN INSULATION ‘THICKNESS AND 
DIELECTRIC STRESSES 


As a result of a thorough and persistent search, the 
author has reached the conclusion that there is in use 
in this country no scientific basis for determining the 
thickness of impregnated paper insulation on high- 
voltage cables. In the earlier days, when impregnated 
paper cables were first made, the manufacturers appear 
to have adopted the thicknesses of insulation previously 
used on cables with rubber insulation. No bending 
tests were made on these earlier cables, and the cables 
were installed with the same sharp bends that had 
previously been found permissible with rubber-insulated 
lead-covered cables. Our later knowledge indicates 
that many of these early failures must have been due 
to the tearing of the paper insulation caused by the 
bending during installation. Many of the older fore- 
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men and splicers who were raised on rubber insulated 
cables were quite firmly of the idea that it did not 
matter how sharp a bend or kink was made in the 
cable during its installation so long as these sharp bends 
and kinks were removed before leaving the cable in its 
final position. 

As troubles from these earlier paper insulated cables 
occurred, the manufacturers and users, instead of 
making a determined effort to locate and remove the 
cause of trouble, adopted the simpler course of increas- 
ing the thickness of insulation, and until the last few 
years it does not seem to have occurred to anyone 
that they might have more insulation on their cables 
than necessary. 

Several manufacturers in this country are making 
impregnated paper tubing consisting of paper impreg- 
nated with some insulating compound and then heat- 
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A. Curve of dielectric strength guaranteed by one maker of impregnated 
paper tubing, in which the dielectric strength is proportional to the square 
root of the thickness. 

B. Curve similar to A assumed by author from results of one test on 
33-kv. cable. 


treated so that the resulting material is very similar 
in its make-up to impregnated paper insulation used 
in lead-covered cables. One of these manufacturers 
in its circulars states that a quarter inch thickness of 
this material will stand a 100-kv. dielectric strength 
test, and further, that the dielectric strength varies 
with the square root of thethickness. From these data, 
curve A in Fig. 20 has been drawn. 

The author in criticising the manufacturer of some 
cable with 600 mils insulation between conductors 
because the manufacturer had been satisfied with a 
dielectric strength test that was limited by cable bell 
trouble, attempted to make a dielectric strength test 
on a 15-foot sample, carrying the pressure to 212 kv. 


432 - ROPER: DIELECTRIC LOSSES AND STRESSES IN CABLES 


between conductors. In this case also the pressure 
was limited by cable bell trouble and there was no 
failure of the cable within the lead sheath. Assuming 
that the dielectric strength of impregnated paper 
insulation also varies with the square root of the thick- 
ness, and using this particular point as our starting 
point, then we get the curve shown by B in Fig. 20. 
On the same sheet are also shown two points given by 
Weiset in the EF. T. Z. for January 15, 1920, also six 
points given by Fernie in Beama for September, 1921, 
and also one figure giving results from an Italian cable, 
the latter data being obtained from private sources. 
On the same sheet are also shown the results of a 
large number of dielectric strength tests on various 
thicknesses of insulation made for the author on cables 
purchased in the last three years. For those thick- 
nesses of insulation where a large number of tests are 
available, these results show a ratio of maximum to 
minimum greater than 2 to 1. 

In testing the cables purchased under specifications, 
it was noted that at first the paper was not applied 
smoothly, that is, without wrinkles, and that difficulty 
was encountered by some manufacturers in applying 
the insulation so that it would pass the bending test. 
As these difficulties were brought to the attention of 
the manufacturers, it was found that it was not a 
serious matter to eliminate the difficulties by having 
the paper tape of the proper thickness and width and 
applied with a suitable tension and the right amount 
of lap. As these difficulties were eliminated, the 
dielectric strength test of the cables increased, so that 
finally for such thicknesses of insulation as are common 
in this country for 25 kv. it was found that the voltage 
required to cause failure of the cable under the dielectric 
strength test was quite beyond the testing facilities 
available in practically all of the cable factories. It 
would thus appear that by suitable care and perhaps 
some additional inspection in the factories, the Ameri- 
can cable manufacturers should be able to make their 
cable of more uniform quality so that it would give 
results more nearly corresponding to the available 
data on foreign cables. 

The American Engineering Standards Committee in 
gathering foreign specifications and standards for the 
use of its recently appointed Sectional Committee on 
Insulated Wires and Cables received an interesting 
communication from a Dutch Standards Committee 
which includes the following statement: 

The Association of Managers of Hlectric Central Stations have 
made an extensive study on high-tension cables, the results 
of which have been published. * * * * The most interesting 
result disclosed by this study is that, contrary to most opinions 
of today, it is not the thickness of insulation which gives the 
best guarantee for the reliability of the cable, but that the in- 


fluence of the quality of the insulation material is very much 
greater. 


How long will it be before American manufacturers 
will adopt the Dutch plan of increasing the reliability 


of their cables, not by increasing the thickness of in- 
sulation but by improving the quality? 
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The author recently had an interesting discussion 
with one of the technical executives of one of the larger 
manufacturing companies. This engineer had made 
some suggestions that certain changes should be made 
in the details of the manufacture of a certain line of 
electrical apparatus so as to improve the quality of the 
product. These changes were at first violently opposed 
by the superintendent of this factory, but after a 
thorough investigation the changes were put into 
effect. Then it was discovered that, in spite of the 
increased inspection and greater care in manufacture 
which resulted in a marked improvement in the quality, 
the improved manufacturing methods had brought 
about a reduction of about 5 per cent in the cost of 
the finished product. Is it not possible that a similar 
result might be secured in the manufacture of im- 
pregnated paper-insulated lead-covered cables? 


CONCLUSIONS 

1. After excluding the cable failures caused by light- 
ning, external damage to the lead sheath and joint 
troubles, the remaining transmission cable failures on 
the system have been largely dielectric loss failures; 
that is, the cables have been loaded beyond their 
critical current as determined by their dielectric losses 
and cumulative heating, which followed, caused the 
cable failures. 

2. The only cable failures that can be definitely 
ascribed to the dielectric stresses are a few that have 
been caused primarily by the tearing of the insulation 
due to sharp bends during installation. 

3. Temperature readings in conduits are just as 
important as ammeter readings in the stations in 
determining the safe loads for transmission lines. 


4. Some scheme of testing should be devised so that 
by means of some simple measurements it may be 
possible to determine the radiation constants of dif- 
ferent portions of conduit I’nes in service and establish 
current ratings of transmission cables so as to eliminate 
the burn-outs due to overloads. 


5. The thicknesses of insulation considered nec- 
essary in this country for transmission cables have been 
determined largely by experience with the cables in 
which the insulation was impregnated with a rosin 
oil compound and had high dielectric loss. If the 
Rules in the Standards of the A. I. E. E. are a sufficient 
criterion of the quality of the cable, then the thicknesses 
of insulation ordinarily used for transmission cables 
in this country can be very materially reduced, as 
cables with the present thicknesses of insulation with 
material and workmanship of the first quality, will 
pass the tests prescribed by the Standards of the A. I. 


KE. E. with a wide margin frequently exceeding 100 per 
cent. 


6. High-voltage cables having a low dielectric loss 
can be safely operated at temperatures materially 
higher than are possible with high-loss cables, due to 


the increase of the critical temperature with the reduc- 
tion in dielectric losses. 


——— 
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at ; The permissible operating temperature of high- 
dielectric-loss cables is limited by the critical tempera- 
ture above which cumulative heating occurs. In low- 
loss cables the temperature is limited, as in low-voltage 
cables, by the temperature which the paper insulation 
will withstand without deterioration. 
8. Until the proper method of calculating the limit- 
ing stresses of high-voltage cables and the limiting 
values for these stresses is determined, it will not be 
possible to design cables with the thickness of insulation 
properly proportioned to the working voltage. 
9. If the dielectric losses of transmission cables are 
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properly taken into consideration in fixing their carry- 
ing capacity, then for the thicknesses of insulation 
that are commonly used in this country, the percentage 
of burn-outs of the high-voltage cables should be no 
larger than for the lower transmission voltages and 
should not exceed one or two per hundred miles per year. 

10. When the carrying capacity of a transmission 
cable with high dielectric loss is limited by the tem- 
perature of a short portion of the conduit in which it 
is installed, it may be found profitable to replace this 
portion of the cable with low-loss cable, and thus secure 
an increased carrying capacity for the entire line. 


On the Minimum Stress Theory of Cable Breakdowns 


BY DONALD M. SIMONS 
Associate A. I. E. E. 
Standard Underground Cable Company, Pittsburgh, Pa. 


Review of the Subject.—For the rational and economical 
design of electric cables, it is important to know the relation be- 
between the dimensions of the cable and its breakdown strength. 
Many different theories have been proposed in the past, such as 
the maximum stress theory, the average stress theory, Russell’s 
theory, and Osborne’s theory, all of them conflicting. Recently a 
new theory has been proposed by Fernie that the minimum stress, 
namely that at the sheath of a cable is the limit. It is the purpose 
of this paper to discuss Fernie’s theory and data, inasmuch as it 
is so diametrically opposed to some of the earlier theories. It 
seems quite plausible that insulating materials have a specific 
breakdown stress. Fernie having discovered, as he states, that the 
minimum stresses were constant in his tests, feels forced to abandon 
this idea and attempts to explain his results in terms of a limiting 
value of stress at the sheath, namely the minimum value. An 
analysis of his test results, however, does not seem to justify him 
inasmuch as, although his minimum stresses were much more 
constant than the maximum stresses, they were by no means constant, 
and in fact, it could be claimed with almost equal justice that his 
test results vindicated the average stress theory. 

Since, however, Fernie’s experimental minimum stresses pre- 


sent a certain degree of constancy, this phenomenon (which remains 
to be proved) is investigated further. It is shown that if it be 
assumed (1) that the inner layers of insulation may be overstressed 
without complete rupture of the cable due to the stable equilibrium of 
the remainder of the insulation, and (2) that insulating materials have 
a critical breakdown gradient, a direct result of these two hypotheses 
is that the minimum stress at breakdown is a constant, though tt 1s 
not in itself the criterion. 

It may be concluded therefore, that Fernie’s experimental data 
are not sufficient to justify his claim that the minimum stress ts a 
constant, and that if later tests should prove the constancy of mini- 
mum stress, this phenomenon could be explained otherwise than by 
assuming that the minimum stress itself is the limit. 
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KNOWLEDGE of the relation between the 
breakdown strength of cables and the size of 
conductor and insulation thickness is very import- 

ant, if cables are to be rationally and economically 
designed. For instance, in a series of single-conductor 
cables all of the same insulation thickness, varying 
from small conductors to large conductors, will all 
these cables break down at the same voltage, or will 
those with small conductors break down at the highest 
voltage, or the lowest voltage? This fundamental 
question has not been adequately and convincingly 
answered even for the simplest case of all, the case of 
single-conductor cables. It is probable that it will 
never be possible to determine exactly the breakdown 
strength of a particular cable, due to the inherent lack 
of uniformity of insulating materials, but if a general 
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law could be discovered, obtained by averaging the 
results of a great many samples, it would at least be 
possible to design cables with the same factor of safety. 
Any such law would also of course have to take into 
consideration the effect of time. A great many theories 
have been proposed, some of them quite conflicting, 
but there is a surprising lack of published experimental 
data on the subject. It has been claimed that the 
maximum stress in the insulation is the limit, that the 
average stress is the limit, as well as other intermediate 
theories. There has recently been proposed a radically 
different explanation. This theory is one offered by 
Fernie, who claims that the minimum stress or the 
stress at the sheath is the limit in the breakdown 
strength of single conductor eables!. Inasmuch as 
his theory is based on a greater amount of data than 
hitherto published and in view of the considerable 
Ie Fernie, “Insulating Materials,’ Beama, page 244, 1920. 
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interest evinced in this country in his conclusion, a 
discussion of his data and theory finds a proper place 
in this symposium. It is the purpose of the present 
article to discuss Fernie’s data and to suggest a different 
explanation of his experimental results, and show that 
it is quite possible that the minimum stress may be 
constant and yet not in itself be the limit in the break- 
down strength of cables. 

For our purpose it will be assumed that insulating 
materials have a specific breakdown strength, which 
could be determined by puncture tests between parallel 
plate electrodes, inasmuch as in this case the stresses 
would be uniform throughout the insulation. Due to 
limits of space, no further discussion will be made of 
the many qualifications which should be made of this 
statement. 

If an insulating material is contained between con- 
centric cylindrical electrodes, such as the case of single- 
conductor cables, the stress, or gradient (or voltage 
per unit thickness) is by no means constant, but is a 
maximum at the conductor surface and a minimum at 
the sheath, and these two may be calculated by the 
following formulas: 


E 
Gua eee er ee 1 
r log. R/r (1) 
Gain = VE ceo) (2) 
Blogs 


where EF is the voltage between the conductor and the 
sheath, FR is the radius over the insulation, and r is the 
radius of the conductor. 

One of the first theories of the breakdown strength 
of cables was that since every insulating material has 
a critical breakdown strength, which we may all 
Go, as determined by the breakdown of layers of insula- 
tion between parallel plate electrodes, a single-con- 
ductor cable will break down as soon as this critical 
stress is exceeded in the insulation, which means that 
breakdown should occur when the maximum stress at 
the surface of the conductor is equal to the critical 
stress G). According to this maximum stress theory, 
if a series of cables of different dimensions and the 
same insulating material should be broken down, the 
calculated maximum stresses of all the cables at the 
breakdown voltage should be a constant and equal 
to the critical stress G). This would mean that for 
cables of a given insulation thickness, the larger the 
conductor, the higher would be the breakdown voltage. 

The maximum stress theory of the breakdown 
strength of cable ignores one fundamental and well- 
known characteristic of the stresses in single-conductor 
cables, which may be briefly stated as follows. For 
cables of a given outside diameter and given impressed 
voltage, the minimum value of the maximum stress at the 
surface of the conductor will exist when R/r equals e, 
the base of the natural system of logarithms, or 2.72. 
This characteristic may have an important bearing on 
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the theory of the breakdown strength of cables. Ita 
cable is of such proportions that R/r is greater than 2.72 
and a high voltage is applied such that the inner layers 
of insulation tend to break down, this would result in 
virtually increasing the size of conductor, which would 
diminish the maximum stress in the insulation. The 
stresses in the remainder of the insulation would all 
be increased, but the maximum stress would be less 
than the maximum existing before the inner layers 
punctured, ane would therefore be less than the critical 
value. On the other hand, if R/r is equal to or less than 
2.72, any puncturing of the inner layers of insulation will 
tend toincreasethe maximum stress. Cables may there- 
fore be divided into two classes, which we shall call Class 1 
in which R/r is greater than 2.72, and Class 2 in which 
R/r is equal to or less than 2.72. Russell? and Osborne’® 
have developed different theories on the breakdown 
strength of cables, which take this feature into con- 
sideration, and which are well worth further study. 
Osborne takes issue with Russell’s theory, but neither 
one publishes very much experimental data to prove 
his point. According to neither of these theories would 
the maximum stress or the minimum stress be constant 
at breakdown as calculated from the cable dimensions 
and the breakdown voltage. 


FERNIE’S THEORY 


Fernie, as stated before, has advanced a new 
theory. He performed a series of breakdown tests on 
cables of different sizes of conductor and insulation 
thicknesses, and has published his results, these results 
being probably the most complete experimental data on 
this subject on record. He states that it seems a very 
plausible theory that an insulating material should have 
a critical breakdown strength, and that therefore the 
cable should break down as soon as this value is exceeded 
in the cable insulation. If the maximum stress theory 
is true, the calulated maximum stresses at breakdown 
for the cables of a given insulating material should be 
constant. His results show that the maximum stresses 
are far from constant, varying in fact by over 200 per 
cent in one series, but he makes the remarkable state- 
ment that his minimum stresses were very closely 
constant. Based on his experimental data, he pro- 
poses that the minimum stress is itself the limit, and 
advances an interesting explanation of why this should 
be so, which explanation does not take the specific 
breakdown gradient into consideration. 


FERNIE’S DATA 


The comment has been made that Fernie’s data are 
quite extensive, and it may be added that they are 
considerably more consistent than most of the data 
which have been published on this subject. It is 
by no means, however, intended to imply that they are 


2. ‘‘Dielectric Strength of Insulating Materials and the Grad- 


ing of Cables,” A. Russell, Journal I. E. H., Vol. 40, page 6, 1907. 
3. “Potential Stresses in Dielectrics,” H. S. Osborne, TRANS- 
aTion, A. I. EH. E., 1910, page 1553. 
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sufficiently consistent to form in itself the basisof anew 
theory or to disprove some of the older theories. It 
is desired to discuss this phase of the matter briefly, 
and Fernie’s experimental data are therefore shown in 
the following two tables. Table I refers to the data of 
his Table II, and Table II corresponds to the data of 
his Table III. R is the radius of the insulation, r is 
the conductor radius, and ¢ is the insulation thickness. 


TABLE I. 
Fernie’s 
Break- | Maxi- | Mini- | Aver- 
down mum mum age 
logio Voltage! Stress | Stress | Stress 
R r t R/r R/r | inkv. | Gmax | Gmin ! Gav 
mm. | mm. | mm, xv/em. |kv/em. \kv/cm. 
11.32 | 2.43 | 8.89 | 4.65 .6672 | 160.0 428 92.0 180 
UA O7 | Omen al LS e, 3.41 .5327 | 217.0 335 98.3 171 
12.59 | 3.69 | 8.89 | 3.40 .5318 | 130.0 288 84.3 146 
14.16 | 5.27 | 8.89 | 2.69 -4292 | 134.0 257 95.6 151 
PGE 26: idee SG i, SO oll eel! .3437 | 140.0 240 108.7 158 
LEROZ si Oat ens! | 22d 3434 91.5 219 99.5 144 
LOG (ESL. 8. 89)) 2509 .3198 114.0 189 90.6 128 
Averages 280 95.6 154 
Deviations +53% +13.7 +17 
—32% —11.7 -17 
Average Deviation 23.1 5.9 8.7 
TABLE II. 
vi 2 5 | 3.50 | .5441 | 54.25 | 216 Giv8) le 109 
9 3 6 3.00 .4771 | 69.0 209 69.7 | 115 
11 4 72 OL 275 .4393 | 65.3 161 58.6 | 93 
13 5 gs | 2.6a| .4150 | 83.9 175 67.5 | 105 
16 6 10 2.67 .4257 | 94.2 160 60.1 94 
Averages 184 63.5 103 
Deviations +17 +9.8 +11.6 
—13 —7.7 -—9.7 
Average Deviation IPAS} 6.4 7.6 


Certain types of experiment lead to quite definite 
results which can be repeated at will. Tests on the 
breakdown strength of insulating materials are of a 
very different kind, and very great discrepancies usually 
occur between tests on supposedly similar samples, 
or even on different samples of the same piece of insu- 
lation. It is therefore necessary in breakdown tests 
to perform an enormous number of tests in order to 
average out the irregularities. Fernie’s experimental 
data are based on the average of a great many tests, 
but even this does not mean that the number was sufii- 
cient to establish a law. Probably the main cause of 
the difficulty in breakdown tests is the inherent lack 
of uniformity of insulating materials. Due to the 
essential difficulty of the problem, any set of experi- 
mental data must be examined very critically and 
consideration must be given not only to whether 
or not the data would tend to disprove one theory and 
prove another, but also to see if there are not other 
theories which might also apply with about the same 
amount of deviation from the observed results. Itwillbe 
seen in Tables I and II that though Fernie’s calculated 
minimum stresses present a certain constancy, they are 
by no means rigidly constant. Fernie makes no men- 
tion of either Russell’s or Osborne’s theories, nor of 
the average stress theory, and apparently had in mind 
only the maximum stress theory. The departures 
from constancy of his calculated maximum stresses 


are so much greater than those of his minimum stresses 
that he apparently felt justified in calling the latter 
constant. If those were the only alternatives, his 
results would probably be sufficient to establish his 
claim. In fact, it may be stated that his results give 
fairly strong evidence to disprove the maximum stress 
theory. The question, however, still remains as to 
whether or not his results are definite enough to es- 
tablish a constant minimum stress theory as opposed 
to some of the other theories. In Tables I and II, 
are shown the calculated maximum, minimum (with 
some minor errors in his calculations corrected), and 
average stresses at the moment of breakdown, and also 
the maximum plus and minus, and average deviations 
from the average. It can be seen immediately that the 
deviations from constancy of his minimum stresses are 
only slightly less than those of the average stresses, and 
that in Table II, even the maximum stresses are not much 
less constant than the minimum stresses. It is believed 
therefore that Fernie’s claim for constancy of mini- 
mum stress at breakdown is not justified by his own 
data, and, to epitomize, it could be claimed with almost 
equal justice that Fernie’s data prove the constant 
average stress theory and also Osborne’s theory. If 
considerable emphasis is placed upon the points ob- 
tained from the cables with small sizes of conductor 


‘given in Table I, Fernie’s data give fairly strong evi- 


dence against the maximum stress theory, and would 
indicate that Russell’s theory is not adequate, though 
the evidence is less pronounced in the latter case. 


Even though Fernie’s test results do not seem to be 
consistent enough to definitely claim that the mini- 
mum stress is constant and that the other theories 
are wrong, still it must be admitted that the deviations 
of minimum stress are somewhat smaller than the other 
deviations, and it is therefore worth while to consider 
his results further and see what conclusions could be 
drawn if a series of tests should definitely prove the 
minimum stress to be constant. The cables which 
would show the greatest difference in breakdown 
strength according to the different theories are those for 
the larger and smaller values of theratio R/r, Fernie’s 
entire range for this ratio is only from about 2.1 to 4.7. 
It seems unfortunate, therefore, that he did not use 
greater extremes in the dimensions of his cables in 
his tests, in spite of certain difficulties, since cables 
with large values of the ratio would so clearly differen- 
tiate between certain of the theories, and cables with 
small values of the ratio are more in accord with every- 
day practise. 


OVERSTRESSED INSULATION 


The maximum stress theory assumes that the cable 
will puncture as soon as the critical stress is exceeded 
in any part of the insulation. Russell’s theory assumes 
that no part of the insulation can sustain more than 
the critical stress, and that as soon as this value is 
exceeded, the insulation will break down and become 
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equivalent to a conductor; whether or not the entire 
cable will breakdown depends on the dimensions of 
the cable. The other theories of the breakdown 
strength of cables assume the possibility in some form 
or other of overstressed insulation. The constant 
average stress theory does so implicitly. Osborne’s 
theory is based upon the conception that the critical 
stress may be surpassed in the insulation, but that this 
will lead to breakdown in certain weak points resulting 
in minute needle-like punctures extending outward 
from the conductor, which thereby relieves the stress 
in the remainder of this region of the insulation 
throughout which the stress will be constant and equal 
to the critical value. 

The possibility of the existence of overstressed insu- 
lation is not a new thought. For instance we might 
quote Whitehead? as follows: 

There is no difficulty in the idea of a strain of dielectric mate- 
rial beyond the electrical elastic limit with no resulting structural 
breakdown and resulting conductivity. In a single-conductor 
cable, we may think of a string of molecules stretched radially 
along a line of electric force. When the interior portion of the 
insulation is overstressed, but the insulation as a whole unbroken, 
we may think of the component charges of a molecule in the 
stressed region as drawn apart, and a tendency on the part of 
opposite charges of two adjacent molecules to combine. If 
this tendency could take place along the whole line of force 
there would be combination throughout and resulting discharge. 
The phenomenon would then be similar to conduction in a metal. 
In the case as supposed, however, the outer portions of the insu- 
lation are not overstressed, consequently proceeding outward 
from the conductor along the line of force there comes a region 
where there is a molecule which is not overstressed, which 
therefore successfully resists the tendeney of one of its charges 
to pass to the adjacent overstressed molecule. This restraining 
influence is therefore propagated backward toward the center 
and serves to keep the overstressed portion from breaking 
down entirely. In this way the region of safe stress may be 
sald to aid that in which this stress is exceeded. 

According to Whitehead’s conception a certain 
critical value of stress is required to draw apart the 
component charges of a molcule. It seems reasonable 
to assume therefore, that this critical value of stress 
will be all that would be required in the inner layers 
in order to hold the charges in this physical condition. 
This would mean that the stress in the overstressed 
region of the insulation would be a constant and equal 
to the critical stress, and that the overstressed region 
of insulation would not maintain its proportional 
share of the voltage, but would consume only a sufficient 
amount of the total voltage to hold the entire over- 
stressed region at the critical value of stress. This 
would lead to a theory of the breakdown strength of 
cables mathematically equivalent to Osborne’s theory 
though physically different. It is interesting to note 
that there is no critical point, or critical radius such as 
occurs in Russell’s theory. That is, if a certain amount 
of the inner layers of insulation which would tend 
to be overstressed are held at constant value of stress 
4. Whitehead, J. B., Discussion, Transactions A. I. E. E., 
1910, page 1582. 
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equal to the critical value, any tendency to puncture 
the layer of insulation immediately adjacent to the outer 
layer of overstressed insulation would result in diminish- 
ing the stress in the succeeding layers to a value below 
the critical value. In other words, the equilibrium is 
stable, and there is no tendency for complete breakdown 
of the cable according to this theory until the voltage 
is raised to such a point that all the insulation is sub- 
jected to the constant stress equal to the critical value. 
According to this theory, then, if a series of cables is 
broken down, the average stress in the insulation as 
calculated from the cable dimensions would be a con- 
stant equal to the critical breakdown strength of the 
insulation. This discussion, therefore, is merely an 
interpretation of the average stress theory, and it 
might be repeated that Fernie’s data could with almost 
equal justice be claimed to prove either the constant 
minimum stress theory or the constant average stress 
theory. This conception of the conditions in the insu- 
lation does not however lead to a constant minimum 
stress at breakdown, which must therefore be sought 
on other hypotheses. 


PROPOSED EXPLANATION OF THE MINIMUM STRESS 
THEORY 


A given set of experimental data may often be ex- 
plained by entirely different physical theories. It is 
hard to believe that the critical breakdown strength 
of a cable as determined by parallel plates is not in 
some way the limiting feature, and Fernie’s explanation 
does not seem to be very convincing. It is desired to 
show here, that, if it is a fact that the minimum stress 
at breakdown is a constant, this may be explained 
rationally in terms of the critical breakdown strength 
of the insulation combined with the conception of 
overstressed insulation, as well as by Fernie’s theory, 
based on the “‘skin resistance” hypothesis, though the 
latter may of course have to be considered also. 

To do this, it it will be assumed first that overstressed 
insulation may exist if the remainder of the insulation 
is in stable equilibrium, and secondly, that the over- 
stressed insulation can support its proportional share 
of the voltage; in other words, that the distribution of 
potential throughout the cable will not be affected by 
the fact that certain inner layers are stressed above 
the critical value. The case of a cable of Class 1 
(R/r greater than 2.72) will be considered. Let us 
imagine that the voltage on the cable is raised until 
the critical gradient is reached across the layer of 
insulation next to the conductor surface. If this layer 
should break down, the result would be a virtual in- 
crease in the size of conductor diameter, which would 
mean that the stress on the next layer of insulation, 
though increased above its previous value, would still 
be less than the critical value. The equilibrium of the 
cable as a whole may therefore be considered stable, 
and according to this theory, it is assumed that the 
breakdown does not take place in the inner layer due 
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peas Fane equilibrium of the whole cable. _ This is 
stinction between this theory and Russell’s 
theory. Russell assumes that actual breakdown and 
carbonization of overstressed layers take place. Here 
is assumed that no action takes place but that the 
layers are overstressed due to the equilibrium of the 
whole system. Let us assume that the voltage is 
raised still higher. The inner layers of insulation will 
be stressed above the critical value, the maximum of 
course being at the conductor surface, and the critical 
stress will exist at a certain distance, x, from the center 
of the conductor. Having assumed the possibility of 
overstressed insulation, our attention must be directed 
upon the equilibrium of the remainder of the insulation, 
in other words between the region of radius x, where the 
critical stress Gp exists, and the lead sheath. If R/x 
is greater than 2.72, any tendency for the critical gra- 
dient to puncture the layer at x would result in a stress 
upon the next layer which would be less than the crit- 
ical gradient, and, as before, the equilibrium will be 
stable. On the other hand, if R/x is equal to or greater 
than 2.72, puncturing of the layer at which the critical 
gradient G) exists, would result in a stress upon the 
next layer higher than the critical value and we may 
consider the equilibrium as unstable. There is there- 
fore apparently a critical point in the insulation, whose 
radius we shall call r’ such that r’is equal to R/2.72. 
According to this theory, therefore, for cables of Class 1, 
as the voltage is raised continuously, the critical stress 
will first appear at the conductor surface and will 
then travel outward toward the sheath, all layers within 
this region being overstressed, the equilibrium of the 
cable as a whole being stable until the critical gradient 
reaches the raduis r’, at which point it is assumed that 
breakdown will take place. 

For cables of Class 2, in which R/r is equal to or less 
than 2.72, r’ has no significance, and the cable would 
be in unstable equilibrium as soon as the critical 
gradient reaches the conductor surface. It would be 
expected, therefore, that breakdown would take place 
as soon as the critical gradient reaches the conductor 
surface, or in other words, the maximum stress theory 
would be applied to cables of Class 2, exactly as Rus- 
sell did for cables of this class. 

The results of this theory may now be examined 
mathematically. Let E’ be the voltage between 1’ 
and R at the moment of breakdown. By formula 
(1) we may immediately express E’ as follows: 

BE’ = Gyr’ log. R/r’ (3) 
and remembering that the natural logarithm of 2.72 
is equal to unity and that r’ equals R/2.72, we may 
state 

E’' = 0.368G,R (4) 
We may now solve for E, namely the actual breakdown 
voltage of the cable, inasmuch as the ratio of E to 
E’ will be in inverse proportion to the relative capacities 
of the two sections. Therefore 
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log R/r 
log R/r’ (5) 


The above equation gives the expression for the break- 
down voltage of a cable in terms of critical stress and 
the dimensions of the cable according to the present 
suggested explanation. 

The maximum stress at the moment of breakdown 
may now be obtained by substituting this value of 
: equation (1) and we find that at the moment of break- 

own 


<x E’ = 0.368 G, R log R/r 


Gmas = 05368 Go X B/r (6) 
The minimum stress at the moment of breakdown 
may also be obtained by substituting the value of # 
in equation (2) and we find that 

Gnin = 0.3868 Go, a constant (7) 
It will therefore be seen that a direct result of this 
theory is that for cables in which R/r is greater than 
2.72, the minimum stress at breakdown will be a 
constant, as calculated from the actual cable dimensions 
and the breakdown voltage, and that this theory, based 
on the rational conception of a critical stress, will 
adequately explain Fernie’s claim that the minimum 
stress is constant at breakdown. 

It is desired to point out that for the case of cables 
of Class 1 there is a distinct difference between this 
suggested theory and Fernie’s theory, in spite of the 
fact that according to both, the minimum stress will 
be constant. According to this theory, the cable 
punctures when the critical stress reaches the region 
whose radius is r’, and a direct incidental result of this 
is that the minimum stress is constant. The critical 
stress G, at r’ is in itself the limit, and not the mini- 
mum stress at the sheath. While these two theories 
are the same for cables of uniform dielectrics, they 
would lead to entirely different results in cables where 
different layers of insulation have different permit- 
tivities, such as in the case of graded cables. Only 
experimentation can determine which of these theories, 
if either, is correct. One test performed by Fernie 
throws some light on this point, inasmuch as he broke 
down two samples of cable, one uniform and one 
graded, and the results would tend to confirm his 
theory rather than the present one, and this test must 
therefore be taken into consideration. On the other 
hand, there is no indication that he broke down more 
than one sample of each type, which in itself would 
greatly discount the results of this one test. 

While the theory outlined above explains the con- 
stancy of minimum stress for cables of Class 1 in terms 
of the critical gradient, it appears to be a rather dif- 
ficult conception in one point at least, namely in the 
stability of the equilibrium of cables of Class 1 for values 
of the voltage intermediate between that given by 
equation (5) and the breakdown voltage according to 
Russell’s theory. The present conception assumes the 
possibility of overstressed insulation and in determining 
the stability of the system places attention upon the 
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understressed outer portions of the insulation, ignoring 
the inner, overstressed section. If investigation should 
be made as to what would happen to the cable as a 
whole, if the overstressed layers should give way, which 
seems a perfectly reasonable method of approach, it 
will be found that if the impressed voltage is higher 
than the breakdown voltage according to Russell’s 
theory, and the overstressed layers should puncture, 
the stress at r’ will be greater than the critical value, 
and the whole system would be in unstable equilibrium. 
If the applied voltage is less than Russell’s breakdown 
voltage, the equilibrium will still be stable, and in 
fact, this method of approach would lead directly to 
Russell’s theory, and would not lead to a constant 
minimum stress at breakdown as calculated from the 
cable dimensions. This would mean that there would 
be no distinction between Class 1 and Class 2 cables 
for a voltage higher than Russell’s breakdown voltage, 
which leads to a difficulty, inasmuch as Fernie’s data 
for the small sizes of conductor as shown in Table I 
give fairly strong evidence that the breakdown of these 
cables is higher than would be obtained according to 
Russell’s theory. To explain this, it might be assumed 
that overstressed insulation (bearing its full share of 
the voltage) is possible and that breakdown will not 
take place until the critical stress reaches the sheath. 
This conception would lead to a constant minimum 
stress at breakdown for all classes of cable, the minimum 
stress being equal to the critical value. The difficulty 
is that conditions in Class 2 cables seem so essentially 
unstable as soon as the critical stress exists in the 
insulation that it is a little difficult to conceive of 
breakdown not taking place until the critical stress 
reaches the sheath. Also, this theory, as stated above, 
would mean that the minimum stress is equal to the 
eritical stress, and Fernie’s values of minimum stress 
seem too low for the critical stress of impregnated 
paper insulation. It does not seem necessary to adopt 
either of these theories, Fernie’s theory, or possibly 
an entirely different theory, until definite experimental 
proof is obtained that the minimum stress at break- 
down is constant. 
EFFECT OF TIME 


Up to the present, no mention has been made of the 
effect of time on breakdown voltage. This is a matter 
of the greatest importance, and it is believed that what- 
ever law may be determined for the instantaneous 
breakdown strength of cables, the law would be quite 
different for cables in which the voltage is raised very 
slowly, for cables under long time test, or for cables in 
service. For instance, the present theory which 
involves the conception of overstressed insulation could 
not possibly hold in a cable of high dielectric loss under 
long time test, inasmuch as the heating of the over- 
stressed layers would greatly change conditions, «and 
would undoubtedly lead to breakdown in some cases 
from other causes. Quite aside, however, from the 
matter of the general heating of the cables due to 
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dielectric losses, it is conceivable, and indeed probable, 
that there is a gradual deterioration of insulation which | 
is overstressed, so that the limitation of working volt- 
age of a single-conductor cable may well be the stress 
at or near the conductor surface, whereas the limitation 
of the voltage which may be sustained for short-time 
tests may be dependent upon some other function, such 
as the average stress, or even the minimum stress as 
suggested by Fernie. 


CONCLUSIONS 


It may be concluded that Fernie’s data are not 
sufficient in themselves to justify his claim that the 
minimum stress is a constant at breakdown. The 
deviations of the minimum stresses from constancy are 
practically no greater than the deviations of average 
stress. There is, however, an indication that for the 
conditions of the tests and primarily their duration, 
the maximum stress theory is incorrect, though the 
data are inadequate to form the basis of a definite con- 
clusion. 

It may also be concluded that if a set of experiments 
should definitely indicate the constancy of minimum 
stress, even this would not mean that the minimum 
stress, or the stress at the sheath, is in itself the limit. 
The constancy of minimum stress may be explained 
in terms of the critical breakdown gradient of the 
insulation, together with the conception of over- 
stressed insulation, and undoubtedly there are other 
methods of explanation. 

The great present need in this problem seems to be 
experimental data. No attempt is made herein to go 
beyond experimental data which have already been 
published. The theory outlined herein is intended 
merely to show that Fernie’s claim that the minimum 
stress is a constant is susceptible of another explana- 
tion, and no claim is of course made that the present 
theory is correct, because an essential of the theory is 
the constancy of the minimum stress for cables of 
Class 1, and this is not proved by the data published. 


The forward-looking policy of the French railroads 
in electrifying their main lines is evidenced by the 
recent definitive action of the Paris-Orleans Railway, 
one of the six great systems of France. As a part of 
the program for electrification with the 1500-volt direct- 
current system, this railroad which operates over 
5000 miles of route has placed a contract for 80 freight 
locomotives and 80 heavy high-speed passenger motor 
ears. The larger part of the order will be manufactured 
in France, but considerable material of American 
manufacture, it is understood, will also be required. 

The engines will be used on an extension of the origi- 
nal electrification made a quarter of a century ago by 
the French Thomson-Houston Company with General 
Electric apparatus. The first section of the new 1500- 
volt section will cover 125 miles of dense main-line 
traffic between Paris and Vierzon. 
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various people, as mentioned in the Introduction. 


The effect of composite structure upon the electric properties of dielectrics has been observed and theorized upon by 
The present paper attempts to show a quantitative expression of power- 


| Mee oe aaa loss in terms of the resistivities and specific capacities of the elements of the insulation. It also 
| ae ie e ectrical function of the paper in impregnated paper insulation, and cites experiments which indicate that 
e electric failure of such insulation is due to tonic motion in the oil; the obvious deduction being that the voltage rating 

of cables should depend upon the degree to which ionic motion in the oil can be restrained. 


| ane dielectrics are composed of mixtures of 
various substances in which organic substances 
play the most important role. 
| Impregnated paper insulation consists principally 
of fibers of cellulose, surrounded by and filled with 
_ mineral oil. Rubber insulation consists of vulcanized 
_ rubber, hydrocarbons and various mineral substances. 
Varnished cambric insulation consists of cellulose 
fibers, air, oxidized oils and hydrocarbons. All of 
these components differ from one another in resistivity, 
specific capacity, and thermal characteristics and their 
_ juxtaposition leads to effects which influence the volt- 
age at which they lose their insulating qualities. 


DIELECTRIC Loss 


It is noted in the Committee’s introduction that 
various physicists have explained residual charge and 


C2 


C: 
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Ri 


Re 
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associated effects on the basis of heterogeneity of the 
dielectric and that Fleming and Dyke suggested that a 
heterogeneous dielectric might be represented by a pair 
of condensers in parallel, each condenser having a 
resistance in series with it asshown in Fig. 1. Wagner 
gave a quantitative exposition of the effect of hetero- 
geneity upon residual charge and hinted that a similar 
method might be applied to the study of dielectric 
losses. 

Addenbrooke showed that Fleming’s combination 
of parallel condensers leads to unsatisfactory conclu- 
sions. Following the logical development of Fleming’s 
and Wagner’s conceptions, the authors have tried the 
combination of condensers and resistances shown in 
Hig. 2. 

If a leaky condenser, represented diagrammatically 
by C, and R; in Fig. 2 be placed in series with a resist- 
ance R, and an alternating potential impressed across 
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the combination, the reactive as well as the active 
component of the current will, of course, be carried 
through the resistance R, and will cause a lossof energy 
therein. If the resistance R, be shunted by acondenser 
of capacity C, some of the current will be carried by 
that capacity (without energy loss) thereby reducing 
the energy loss in the resistance R.. If the capacity 
C, be increased, a condition will be attained where the 
entire reactive component will be carried by the two 
condensers in series, and the active component by the 
resistances in series, no current then circulating across 
the connection. When the capacities and resistances 
are so proportioned, the energy loss in the combination 
will be a minimum for a given total resistance. 

Some years ago, the authors noted a correspondence 
between residual charges and dielectric loss, those insu- 
lations having high residual charge invariably showing 
high dielectric loss. This afforded a confirmation of 
Wagner’s suggestion and a theoretical analysis was 
made of the energy losses in a circuit consisting of two 
leaky condensers in series, for which see Appendix I. 

The net result of this analysis was the following 
equation for the power factor of impregnated paper 
insulation. (See Appendix II) 


cos 6 = 
Pi pe 
a, +1 a a +1 
\ Cn ais Bel oBhay te 2 pip2o(1 + V aa] 
a, + 1 de +1 (a, + 1) (a2 + 1) 


Where pi = resistivity of impregnating compound 
ohm - cm. 
resistivity of cellulose fibres, ohm - cm. 


Pp2re= 

K, = specific capacity of impregnating com- 
pound 

K» = specific capacity of cellulose fibers 

f = frequency of alternating e. m. f. 


a 
a = (Bat ) 
: 18 x 10" 


2 


a po Kof ) 
( 185103 


The specific capacity of petrolatum, the type of 
mineral oil generally used for this purpose, 1s about 
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two and that of cellulose fibers about four, values which 
do not vary greatly with the grade or temperature. 
The resistivities of both substances vary enormously 
with the temperature, and in the case of petrolatum, to 
a considerable extent with the chemical composition. 
It is therefore of interest to see how the power factor 
varies with the resistivity of the petrolatum at a given 
temperature, say 85 deg. cent. assuming the other 
quantities to remain constant. 


80; 


POWER FACTOR-PERCENT 
> 
o 


1 2 3 ares 
RESISTIVITY-OHM-CM(MULTIPLY BY 10°) 


BIG? 3: 
Experimental data, represented by small circles, compared with 
theoretical curve. 


Unfortunately a practical difficulty stood in the way 
—the determination of the resistivity of cellulose. 
The resistivity desired is not that of paper, nor even 
of paper fibers, but of the walls of the fibers. The 
fibers are about 7 mm. long and 0.02 mm. in diameter 
and they have a variable wall thickness of the order 
of 0.005mm. It seemed almost impossible to make 
resistivity measurements upon such small specimens. 
Another difficulty was that the resistivity derived from 
measurement depends upon the time of electrification. 
As the research was primarily industrial, rather than 
purely scientific, it was decided to assume the equation 
to be correct, deduce the resistivity of the cellulose 
therefrom by tests based upon known values of specific 
capacity and oil resistivity. This was done for a 
one-minute electrification and at a temperature of 
85 deg. cent. The resistivity of the cellulose at that 
temperature was found to be 0.07 x 10” ohm-em., 
a value consistent with tests by A. Campbell on other 
forms of cellulose. 

Assuming this value, the power factor of the insula- 
tion was calculated for other oil resistivities. A graph 
of this relation is shown in Fig. 3. 

Experiments were made both upon flat samples and 
upon cables and the results are shown by the circle- 
enclosed dots in Fig. 8. It will be observed that the 
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experiments confirm the theory fairly well over a range 
of power factors from 2 per cent to 80 per cent. 

This theory is not offered as a complete explanation 
of dielectric loss, but merely as an approximate working 
theory to guide designers.. The phenomenon is un- 
doubtedly far too complicated to be covered by any 
simple formula and a great deal of research work will 
be required before a complete explanation can be 
offered. 

According to the above theory, the power factor 
should be inversely as the frequency when p: and p»2 
are so great as to make the leakage current negligible. 
It should be independent of the frequency when p1 
and ps are so small as to virtually short circuit the 
capacities. For intermediate values, the power factor 
should decrease with increasing frequency according 
to the equation. The authors have not yet had an 
opportunity to make experimental checks of the 
effect of frequency. 
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The same general reasoning might be applied, 
although with greater difficulties, to the evaluation of 
dielectric loss in rubber compounds and varnished 
cambric insulation. It must be remembered, however, 
in applying the theory, it is assumed that no moisture 
is present, as a very small proportion will have a greater 
effect than even a fairly large reduction in the resistiv- 
ity of one of the essential constituents. It is greatly 
to the credit of those concerned with manufacture that 
it is possible to obtain cables in which the moisture 
content is entirely negligible. 

As dielectric loss in a well dried, well impregnated 
paper cable depends principally upon the conductivity 
of the oil, the loss must occur principally in the oil. 
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The work of Pungs, cited in the introduction to this 
symposium tends to show that conduction in oil is 
: due to ionic travel rather than to mere ionic displace- 
ment. According to this theory, which is confirmed 
by tests cited below, a high-loss cable, 7. e. one in which 
the “ac, conductivity” is high, is liable to have the 
ions in its oil set into unduly rapid motion, a condition 
favorable to electric failure. | 


EVIDENCES OF FREE IONS 


The test of any theory lies in its ability to explain 
phenomena. The test is especially satisfactory if a 
simple theory is found to explain a complicated series 
of phenomena. Regarded in this light, the theory 
that petrolatum normally contains free ions of both 
polarities is very satisfactory. The theory was effec- 
tively used by L. Malclés to explain the phenomena 


which occur when a petrolatum condenser is charged 


and discharged, using an electrometer to measure the 
charges. He showed that the behavior of such a con- 
denser depends upon the viscosity of the petrolatum 
which, in turn, depends upon its temperature, and he 
explained this on the basis that the mobility of the 
ions is an inverse function of the viscosity. 

Tests of capacity were made both by the d-c. and 
the a-c. methods, readings being taken over a range of 
temperature from 0 deg. to 100 deg. cent. and on a 
great number of specimens. The d-c. tests were made 
with a ballistic galvanometer, the petrolatum being 
in a cell, details of which are given in Appendix III. 
An example of the results is shown in Fig. 4 which gives 
the characteristics of a rather poor grade of petrolatum 
chosen for purposes of illustration because of the 
exaggerated degree to which it shows the phenomena 
under consideration. 

Consider first the curve of apparent specific ca- 
pacity, as measured by direct current. 

When the condenser is charged, the negative ions are 
drawn toward the positive electrode and the positive 
ions, toward the negative electrode. When the con- 
denser is discharged the ions diffuse from the electrodes, 
and redistribute themselves at random throughout 
the petrolatum at a rate depending on its fluidity. The 
current resulting from this ionic diffusion may or may 
not add itself to the true discharge current for the 
following reason: An appreciable interval of time 
elapses, in testing, between the end of the charge and 
the beginning of the discharge through the galvano- 
meter circuit and the diffusion of the ions may occur in 
this interval. In this case the diffusion current would 
not be observable and the apparent capacity would 
equal the true capacity. This was found to occur at 
about 75 deg. cent. 

With lower temperatures, the petrolatum being more 
viscous, the diffusion of ions is slower, until at a certain 
temperature it should last through the interval between 
the end of the charge and the beginning of the discharge. 
At lower temperatures, it should last longer, but should 
be weaker. Hence, at a certain temperature, the 
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diffusion of ions should occur at such a speed as to 
make the apparent capacity a maximum. This 
temperature was found to be in the vicinity of the 
melting point, 50 deg. cent. In the case recorded in 
Fig. 4, the apparent capacity as measured with direct 
current, is about seven times the capacity as measured 
with alternating current. At yet lower temperatures 
the ionic diffusion is so slow, due to the viscosity of 
the petrolatum, that it should have little effect upon 
the apparent capacity. This condition was found at 
temperatures below 20 deg. cent. 

If the petrolatum is sufficiently viscous the ionic 
diffusion which follows a discharge may continue long 
after the completion of the capacity test, and, if the 
condenser plates are kept insulated from one another, 
this redistribution of ions will result in residual charges 
on the plates. The residual charge one minute after 
the initial discharge was measured and the value at 80 
deg. cent. arbitrarily taken as unity in order to show 
the relative values at different temperatures. These 
values are plotted in Fig. 4, and show that the residual 
charge reaches a maximum at a temperature slightly 
below the melting point. This’ would be expected 
from the theory of ionic diffusion because the residual 
charge should be most evident when the petrolatum is 
soft enough to permit diffusion but not so fluid as to 
allow this diffusion to be complete before the minute 
interval has elapsed. 

Thus far we have considered only ions of molecular 
dimensions. Electrons will behave differently by 
virtue of their ability to travel through conductors. 
Electrons will be attracted to the positive electrode, 
but unlike the ions of molecular dimensions will not 
remain in the petrolatum. They will be drawn into 
the electrode and charging circuit and a corresponding 
number will appear on the negative electrode. 

If the charging potential be removed, the electrons 
will diffuse through the petrolatum. If the electrodes 
be connected through a galvanometer, the moving 
electrons will set the electrons in the circuit moving in 
opposite direction to the discharge current, thereby 
reducing the apparent capacity and on later discharge, 
making the residual charge appear to be negative. 
These effects predominate only at such temperatures as 
correspond with very low viscosity, when the diffusion 
of molecular ions is so rapid as to produce no appre- 
ciable effect upon capacity measurements. In Fig. 4 
this begins to occur at about 90 deg. cent. 

The ionization theory of the residual charge of petro- 
latum does not explain the entire residual charge ina 
cable, this being due largely to the juxtaposition of 
the particles of oil and cellulose at whose surfaces 
charges are induced by virtue of their different specific 
capacities. 


FUNCTION OF PAPER IN IMPREGNATED PAPER CABLES 


An experiment was made to ascertain the effect 
upon the dielectric strength of petrolatum, of inter- 
posing various numbers of sheets of paper between 
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testing electrodes. The experiment was made in 
an oil-testing cuz having flat surfaced cylindrical 
electrodes 14 in. in diameter. The results are plotted 
as Curve A in Fig. 5, which shows clearly that in spite 
of the fact that after inserting the paper the oil was 
more highly stressed, due to the introduction of a 


dielectric of higher specific capacity, its dielectric. 


strength increased as it was divided into thinner 
laminas by, the introduction of more sheets of paper. 
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If the paper be. severely creased, and the crease 
viewed under a microscope, the line of the crease will 
be revealed as a hedge of fibres sticking out of the 
surface. In a cable, such projecting fibres will not act 
as barriers to ions trying to get through the paper, as 
they are loose and lie along, not across, the path of such 
ions. Hence we should expect badly creased paper, 
or paper with loose fibers, to be a less effective baffle 
to the ions and therefore to be less effective than 
smooth, tight paper in raising the dielectric strength of 
oil. An experiment similar to the last described was 
made with the only difference that badly creased paper 
was used. The results are shown by Curve B Fig. 5. 
It will be noted that both ‘curves show a decided up- 
ward tendency, and further experiments, with different 
oils and papers have shown that this upward tendency 
continues as the number of papers increases, but 
experimental difficulties with the high voltages required 
to breakdown a wide gap, prevented obtaining a 
smooth curve for a much larger number of papers. 
Isolated experiments, however, indicate that the ratio 
of the breakdown voltages for uncreased and creased 
papers, keeps on increasing as the number of papers 
is increased, until it is at least two. 

An interesting experiment was made with a radio 
frequency generator which showed in a very simple 
way the effect of serious creases upon the dielectric 
strength of impregnated paper. A plate of metal was 
connected to one pole of the generator and a movable 
wire connected to the other pole. The latter was 
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held above the plate at such a distance that when 
about 17,000 volts were applied between wire and plate 
luminous white streamers extended between them. A 
sheet of oil-impregnated paper was then laid on the 
metal plate, with the result that the white streamers 
stopped immediately. When the wire was brought a 
little nearer the plate, faint purple streamers spread 
out from the wire, and flattened out over the paper. 
The crease in the paper was then brought within 
three em. (horizontally) of the wire, the wire being one 
em. above the paper. White streamers then spread 
from the wire to the plate through the crease as shown 
in Fig. 6. 

Another sheet of impregnated paper with many 
creases was substituted for the first sheet and the wire 
moved slowly at right angles to the creases. Streamers 
jumped from crease to crease, never puncturing the 
uncreased paper. 

A similar experiment made with unimpregnated paper, 
showed that the streamers were not attracted by the 
creases and proved that the harmful effect of creases is 
due to their effect upon the insulating properties of the 
oil rather than upon that of the paper itself. 

The conclusion to be drawn from these experiments 
is that the electrical breakdown of impregnated paper 
is due to ionic motion in the oil, which is obstructed 
by the paper fibers. 


CONCLUSIONS 


Three sets of experiments have been cited and a 
theoretical explanation of each set has been given. 

The first experiments indicate that when the power 
factor of impregnated paper insulation has been 
lowered as far as possible by the removal of air and 
moisture, there remains an element of power factor 
which depends upon the resistivity of the oil. This 
element is far too great to be explained on the basis 
of leakage current but may be explained as due to 
current which passes inductively through the capacity 
ee the cellulose fibers and conductively through the 
oil. 
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The second experiments indicate that the oil used 
in impregnated paper insulation normally contains 
free ions in considerable quantities. 
The third experiments indicate that the failure of 
impregnated paper insulation may be due to the estab- 
lishment of streams of ions in the oil. 

It would be logical to deduce from these considera- 


tions that in designing and using high-voltage cables . 


particular care should be taken to impose every ee 
sible restraint upon ionic motion in the oil. 

The practical means of accomplishing this are as 
follows, it being assumed that manufacturing processes 
will eliminate all air, vapor, and moisture: 

1st. Use paper of a quality and thickness that will 
have the maximum baffling effect. 

2nd. Apply the paper so that it will exert the maxi- 
mum baffling effect. 

3rd. Avoid sharp bends or other severe mechanical 
strains in manufacturing and installing. 

Ath. Use oil of a quality to make the dielectric 
loss fairly low. 


Appendix I 


THEORY OF ENERGY LOSS IN A PAIR OF LEAKY 
CONDENSERS IN SERIES 
A pair of leaky condensers in series may be repre- 
sented for purposes of calculation by a pair of perfect 
condensers in series, each condenser being shunted by 
a non-inductive resistor. 
Consider a pair of perfect condensers having capaci- 


ties c, and c, and a pair of resistors having resistances. 


r, and ro arranged as in Fig. 2, and suppose a sinusoidal 
e. m. f. of E volts to be imposed between the terminals 
A and C. 
Let Gp (2 wif Ty C1)" (1) 
= (27 f r2€2)? (2) 
‘Then the power factors of the parts A B and B C: 
will-be as follows: 
1 


k, = ——— (3) 
; ah L/Oa if 
a/ 1/d2 + 1 
and the sines of the power factor angles will be as 
follows: 
i 
i es See (5) 
a V/ di + 1 
V a2 + 1 


Let 7, and 7, be the currents in r; and r2 respectively 
and I, and I, the currents in ¢; and ¢2 respectively. 
Then the total power loss will be: 

W = tf ri + 42 42 (7) 

Let Z, and Z, be the impedances from A to B and B 
to C, respectively. Then 

Zi == 15 Ou (8) 

Z, =1282 (9) 
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and the total impedance from A to C equals 
Z = V (Li ky + Zy ks)? +- (Z1 81 + Ze 82)? 
= V ZY +Z47%+22122 (ki ke a i Se) 


(10) 
Combining 8 and 9 with 10 
2 =rese + reese + 27,72 8182 (ki ks 
Ay Tye To 
+ $1 Se) el An ramet 
Sie (11) 


(a1 + 1) (@2 + 1) 


As the drop from A to B is the same in amount by 
either parallel path and as the drop from B to C is the 
same in amount by either parallel path 


= I, ea 
Tite = es teh orl =v oO: es 
1; = leas, = 1, / a 
242 9 a f Ce 74 2 7) (13) 
If I be the total current through the circuit 
ie =e YZ IN eee (14) 
I = Hi/Lo Le oe te" (15) 
Combining 12 and 14 
E/Z = 4/ te (ay aa 1) 
and combining 13 and 15 
E/Z = Vie (a2 +1) 
whence 
Shar ar as E? 
ii iw Aa Cae Sk wo) 
A ee EH? 
Te EGS FD) nd 
Inserting the values from 16 and 17 in 7 
ffs T9 
— 
Wi He to liars (18) 
Combining 18 with 11 
(ee= 
Tie Yo 
BE a+1 a +1 
(ist he To" 2riro 1+ V 14:2) (19) 
ai + 1 Qe 1b (a + 1) (G2 + 1) 


It is of interest to note that if a, = a, the above equa- 
tion reduces to 

RE 

yer rs 

indicating that the loss, in this case, is the ohmic loss 
due to leakage current only. 

The power factor cos @ may be derived as follows: 

By definition 


W = (20) 
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Combining equations 18 and 21 
Cos @ = 
T\ 12 
. + 1 ah do + il 
re Tr? a Y1 Ye (1 ++ Lys ay 2) 
ees +4 (a: +1)@+1) (22) 
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POWER FACTOR OF HETEROGENEOUS INSULATION 


A non-homogeneous dielectric consists of a mixture 
of particles of different resistivities and specific capaci- 
ties. When a potential difference is established across 
such a dielectric, it sets up both displacement and con- 
duction currents. At the boundaries between particles 
of different resistivities and specific capacities, the 
current may change from a conduction to a displace- 
ment current, or vice versa, just as at the plates of a 
condenser, the current changes from a displacement 
current into a conduction current as it leaves the di- 
electric and enters the plates. The total 2? 7 loss may 
therefore be due not only to the leakage current but 
also to local conduction currents generated in particles 
of the insulation by the displacement currents. 

A homogeneous dielectric may be represented by 
a capacity shunted by a resistance. When alternating 
voltage is applied across such a dielectric, the only 
energy loss that occurs is the 7? r loss due to that portion 
of the current which passes through the resistance and 
this is the same for direct as for alternating currents. 


A non-homogeneous dielectric may be represented by 
two or more shunted capacities in series. In the 
ease of a dielectric consisting of two elements, if one 
of these capacities is high and the shunted resistance 
of the other is low, most of the current will pass in- 
ductively through that capacity and conductively 
through that resistance causing a high ohmic loss in the 
latter. This loss constitutes the major part of the 
dielectric loss and can occur only with alternating 
current. 


It was shown in Appendix I that the power factor 
of two leaky condensers in series may be represented 
by the following equation: 


Cos 9 = 


{fat To 
a,+1 ar ad + 1 


re r2? Oris (Ll + ay ay) 
+ 7 : 
ear a +1 (a. + 1) (a2 + 1) 


(22) 


The quantities a; and a» in this equation each con- 
tains the product of the resistance and capacity of one 
of the elements of the dielectric. But this product may 
be expressed in terms of resistivity , or p2 and specific 
capacity K, or K, by the following well known rela- 
tions: 
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Fig. 7—E.Lectro.iytic Cet ror Liquip INSULATION 


No No Req. Material Description 


1 1 Brass Bowl 9.4 cm. in diameter with lip 9 mm. high & 
2mm. in thickness (see 11) 
2 1 Circular plate 8 cm. dia. 2mm. thick with collar 
1.6 cm. dia. 4 mm. thick (see 12) 
3 1 ie! Cylinder 8.4cm. inner dia. 1 mm. thick., axial 
length = 4cm., with flap for binding post. 
4 4 — Holes bored through ‘‘9”’ parallel with axis, at 
radial distance of 5cm. 2mm. dia. 
5 1 Brass Nut to same thread as ‘‘6” 
6 1 Steel Pin 6mm. dia. 5.2 cm. long threaded upper end 
to fit ‘‘5’’ & drilled & tapped to take ‘8”’ 
7 1 Brass Washer 3.5cm. dia., center hole 6mm. dia. 
1 mm. thick. 
8 2 : Binding posts 1.25cm. long & 6mm. dia. (wire 
hole 2.5 mm. dia.) 
9 7 Insul. Circular block, axial length 3.8cm. 8.4cm. 
Material dia. (see 4) 
10 1 es Ring. axial length 4cm. & 4mm. thick with 
flange cut out bottom end 3 mm. deep to fit ‘‘1”’ 
11 1 as Thermometer hole bored 5.8 cm. deep & 8 mm. 
dia. 
12 8 = Holes bored through ‘‘2”". 1mm. dia. at radial 
distance of 1.5 em. from center 
16 — Holes bored through ‘‘2’’. 1 mm. dia. at radial 
distance of 3 cm. 
13 4 Brass Screws. 1 cm, long 
14 16 — Vent holes. 1mm. dia. 


Inserting these values in equations (1) and (2): 


ee (Gace) 
is X10" 
(24) 
fig aN 
sae ag Gee 


If, as is approximately the case in impregnated 
paper, the thickness of the two elements, paper and 
oil, averages about equal, the resistances r, and r, 
may be replaced by resistivities p, and p.. Hence, 
equation (22) may be expressed as follows: 

Cos @ = 


Pi P2 
1 + Qa 1 + As 
pr ps” 2 pi pe (1 + V ai a) 
\res eg d+a) +a, (25) 


June 1922 


If pi and p: are as great as they are usually found to 
be, the ones may be omitted without appreciable error, 


the equation then reducing to the following simple 
form. 


Fic. 8 


A?/p1 + A2?/ps 


Cos @ = 26 
A,+ A: (28) 
Where AG = 18 x 10" 
f Ky 
Peele ee 
f Ke 


Appendix III 
CELL FOR RESISTANCE AND CAPACITY MEASUREMENTS 


The resistivity of petrolatum was determined by 
measurements of a film 1mm. thick and 8cm. in 
diameter. The design of the cell, in which measure- 
ments were made, is shown in Fig. 7, and its appear- 
ance in Fig. 8. 

The general arrangement of the testing circuit is 
shown in Fig. 9. With this apparatus the resistivity 
of an oil can be determined over a range of temperature 
from 30 deg. cent. to 105 deg. cent. in three-quarters of 
an hour. 

The heating of the cell is accomplished by placing it 
on an electric hot-plate. With a reasonably sensitive 
galvanometer a sufficiently great deflection can be 
obtained to ensure an accuracy of 10 per cent. This 
may seem to be a large error, but the authors have 
known cases where different laboratories, using dif- 
ferent types of cells, could not check such measure- 
ments within 50 per cent. 

Capacity measurements were made with direct 
current by the ordinary ballistic galvanometer method, 
and with alternating current by a new method involv- 
ing the use of a guard ring. The diagram of connec- 
tions is shown in Fig. 10. C1 is the cell connected 
in the Wheatstone bridge circuit. The resistance K, 
is in series with the guard ring of the cell to prevent a 
serious are in case the oil should fail under the applica- 
tion of voltage. The detector G is a Weibel electro- 
magnet moving-coil galvanometer. The mutual in- 
ductance M, the resistance R and the capacity C are 
parts of the moving-coil circuit of the galvanometer 
and serve to stabilize the deflections and to produce 
critical damping. The shield circuit, R, and C;, 
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was adjusted by connecting the galvanometer to post 
A and varying R; until the galvanometer showed no 
deflection when the key K was reversed. After this 
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. 9—DriacGrRaM OF CONNECTIONS—RESISTIVITY OF OILS 
. Upper electrode of resistivity cell. 

Guard ring of resistivity cell. 

Jagabi resistance 2000 ohms. 

Ayrton galvanometer shunt. . 

Galvanometer. 

Paraffine slab under Ayrton shunt. 

. Megohm. 

Battery of dry cells. 

. Lower electrode, bowl of resistivity cell. 

. Connection for obtaining constant of galvanometer. 
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adjustment had been made the bridge could then be 
accurately balanced by connecting the galvanometer 
to the post B and varying the resistance AR. 

For measuring the specific capacity of oil, a substitu- 
tion method was used. The first balance was obtained 
with only air in the cell and then a second balance with 
the oil in the cell. The ratio of R; obtained in the first 
balance to that obtained in the second balance, is 
the specific capacity of the oil. 
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To check the accuracy of the method, the capacity 
of the cell with air was measured by substituting for the 
cell a condenser of known value. The measured capac- 
ity was found to be 0.000099 microfarads as compared 
with 0.000098 microfarads calculated from the dimen- 
sions of the cell. 

The specific capacity of an oil could be measured over 
a temperature range of 30 deg. to 105 deg. cent. in an 
hour with an accuracy of about 3 per cent. 


Temperature Limits in Large Machines 
BY PHILIP TORCHIO 
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Review of the Subject.—The present Institute standards 
allow a maximum limit of 105 deg. for fibrous insulation and 125 
deg. for mica insulation with an allowance of 150 deg. subject to 
special guarantees of the manufacturer. In high-voltage machines 
of large size, the effect of actual copper temperatures higher than 
105 deg. may cause softening and disappearance of binding materials, 
bulging of insulation, and consequent powdering of insulation 
under periodic pounding of copper on softened material, and toniza- 
tion at voids so created. 

Operating experience of four large size machines demonstrated 
the above effects to repeatedly take place in machines operating at 
copper temperatures of 150 deg. cent. None of these effects were noted 
in machines operating at copper temperatures of 105 deg. cent. or 
under. Two machines have safely operated for over three years at 
maximum copper temperatures of 180 deg. cent. Incorrect con- 
clusions may be made as regards the safe temperature limits by 
judging the performance of machines unless actual copper tem- 
peratures are known. Lower ambient temperatures and fractional 
loads may reduce the operating temperatures 25 to 35 deg. below the 
assumed limits. 

Machines designed for high temperatures are less efficient than 
machines designed for cool temperatures, in one instance the difference 
being as great as several hundred kilowatts at all loads. 

The calculation of ventilation of large machines is relatively 


uncertain; it is of importance to aim at a conservative limit rather 
than set it too near the danger point. 

From the standpoint of economy as well as greater safety, uw 
appears that large machines should not be operated at higher copper 
temperatures than 105 deg. cent. This means that with outside 
air ventilation seldom exceeding 20 deg., the maximum standard 
limit with the standard reference of 40 deg. ambient should be 125 deg. 
equivalent to 85 deg. maximum rise at the copper. In all cases 
where the room air is close to 40 deg. the maximum copper rise 
should be limited to 64 deg. 

Other correlated and important features discussed incidentally 
in the paper are the typical proportionality of life at different 
temperatures for fibrous insulation, and the new tentative conven- 
tional allowance for reducing to maximum copper temperature, 
readings taken outside the insulation. 
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INTRODUCTION 
N response to the request of the Electrical Machinery 
Committee that I prepare this contribution, I 
will review the actual temperatures experienced 
with machines in service and some of the essential 
features which must be given due weight in the inter- 
pretation of such experiences. 

The two limits established by the Institute are 105 
deg. cent. for fibrous insulation, and 125 deg. cent. or 
mica insulation, with an allowance of 150 deg. cent. 
for the latter, subject to special guarantees of the manu- 
facturer. As the established standard ambient tem- 
perature is 40 deg. cent., the designer is allowed for 
his machine a maximum temperature rise at any point 
on the copper of 65 deg. for fibrous insulation and 85 
deg. for mica insulation, with an optional 110 deg. rise, 
subject to special guarantee. 

Note:—(All temperatures given in this paper refer to actual 
copper temperatures and degrees Centigrade.) 

1. “The standard ratings of Westinghouse alternating turbo- 
generators are based on two different methods of determining 
capacity: 

First. A rating with gurantees covering performance at 
normal loads and definite overloads, momentary peak loads 
being within the guaranteed overload capacity. 

Second. A rating corresponding to the maximum safe 
operating capacity of the particular machine in question, with 
no guaranteed overload capacity. 

This method of maximum rating originated with the New 
York Edison Company and, though comparatively new, has 
much in its favor.” (The Westinghouse Diary for 1912, page 23.) 

To be presented at the Annual Convention of the A. I. E. E. 
Niagara Falls, Ontario, June 26-380, 1922. 


These are the outstanding and essential bases of 
A. I. E. E. rating. 


In former years, it was the practise to use a double 
standard of rating, allowing a rise of 50 or 55 deg. 
for normal loads, and 70 or 75 deg. for overloads, equiva- 
lent, for modern machines, to 90 or 95 deg. tempera- 
ture limit for normal loads and 110 or 115 deg. for 
overloads. 


The writer introduced, fifteen years ago, the method 
of single rating for turbo-generators which, in the 
following years, became generally used.' In 1914 
the Institute adopted the single rating for a larger 
class of apparatus like motors, transformers, etc., 
adopting the aforesaid temperature limits for the two 
classes of insulation. 


This was done with the object of simplifying the 
problem for the manufacturer and the user of appa- 
ratus. In substance, the limit of 105 deg. adopted 
for fibrous insulation was arrived at by striking an 
approximate average between the two former limits 
of 90 to 95 deg. for normal loads and 110 to 115 deg. 
for overloads; the limit of 110 deg. for mica insulation 
with the optional 150 deg. limit was intended to apply 
principally to large turbo-generators and large machines. 

Considerable objection was raised to the adoption 


of single rating for commercial motors and in some 
cases for central station apparatus. 


It is not my object here to take any sides in the 


dispute, which is apparently becoming smoothed out 
and adjusted. 
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It is more important to present a compre i 
survey of the relations, as they now can be eal 
which have existed in practise between the rated 
temperature limits and the actual temperatures sus- 
tained by the apparatus in service. 

Before doing this, it is important to approximately 
define the relations which different stresses, due to 
voltage, temperature and time, vibration and me- 
chanical stresses, bear to the life of the insulation. 
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Fig. 1—Lire Curve or Frsrous INsuLstTion Aas AFFECTED 
By TEMPERATURE 


EFFECT OF VOLTAGE 


It is now a well recognized fact that all insulating 
materials, including mica, will be destroyed by ioniza- 
tion, if any air voids are present in the insulating cover- 
ing of an electrical conductor and the potential gradi- 
ent at these points exceeds the limit of about 75 volts 
per mill. Imperfections in the material like small 
iron impurities, will also cause distortions of potential 
gradients and accentuate the danger of ionization or 
reduce the effective thickness of insulation. It follows, 
therefore, that as a general rule the experience with 
life of insulating materials is only applicable within 
the limits of voltage of the apparatus investigated. 


EFFECT OF TEMPERATURE AND TIME 


Up to a few years ago, there was an impression in 
the minds of operating people that a machine rated 
- for 110 or 115 deg. two- or three-hour overload— would 
operate safely if the overload was limited to two or 
three hours in each day but would be rapidly destroyed 
if the overload was carried for much longer periods 
inoneday. The fact that these short overload periods 
usually covered the occasional peak requirements 
took away from the operators the inducement to study 
more closely what higher temperatures would have 
prevailed if the occasional overloads had been carried 
for more than two or three hours, and what would have 
been the effects on the insulation. 

In recent years considerable progress has been made 
in coordinating the relations which exist between 
temperature, time of application and resultant deteri- 
oration and shortening of life. In a paper presented 
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before the Institute in February, 1921, I gave abstracts 
of results of the classic tests of the British Engineer- 
ing Standards Committee of 1905, and extended the 
discussion to experiments made on paper insulation 
and the observation of considerable investigation of 


‘conditions of paper insulation used in cables subjected 


to oceasional high temperatures. At the same meeting 
D. W. Roper presented results of similar observations, 
while Fisher and Atkinson gave an experimental for- 
mula for determining the reduction of life strength 
of paper subjected to different temperatures. From 
these and other studies made on fibrous insulation, 
it is possible now to plot a characteristic curve of the 
effect of temperature upon the life of fibrous insulation 
if not otherwise affected by ionization or mechanical 
stresses. While the actual years of life at different tem- 
peratures are not established by experience, the relative 
proportionality of the length of life may safely be rep- 
resented by the relation given by the curve in Fig. 1. 
This tentative curve would roughly indicate that, 
other things being equal, a machine operating at 
105 deg. will have a life of 50 per cent of a similar 
machine operating at 95 deg. Similarly, if we operate 
a machine 90 per cent of the time at 95 deg. and the 
remaining 10 per cent of the time at 115 deg., the life 
of the machine will be 77 per cent of the virtual life 
at 95 deg. for 100 per cent of the time. From this 
law we can now more clearly see how the double rating 
may have practical advantages. 

From similar studies on mica insulation, there appears 
to be no doubt that aside from the influence of ioniza- 
tion due to voltage and mechanical stresses, mica 
insulation can safely withstand almost indefinitely 
high temperatures probably as high as 200 deg. 


Wig. 2—Frve-Day Average or Maximum Arr TEMPERATURES 
In New York Crry ror THE YEAR 1921 


EFFECT OF VIBRATION AND MECHANICAL STRESSES 


Vibrations are obviously always present in rotating 
machinery due to movement and reactions of the ro- 
tating elements and the periodic pounding of the insu- 
lation due to the drag of the rotating field and the 
abnormal heavy blows under system short circuits, 
etc. With well wrapped and unimpaired insulation 
and well supported coils, these stresses will not affect 
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the elastic limits of the materials, but if the copper 
temperature is high, the varnishing materials in the 
insulation may distill and loosen the binder, allowing a 
play for the copper to pound and powder the insulation 
as a continuous drop of water will hollow out a stone. 
Stresses in the insulation are also imposed by different 
rate of expansion and contraction of the copper and 
the insulation under large changes of temperatures 
which may cause bulging and voids in the insulation 
between the insulating slots, with consequent ioniza- 
tion if the voltage stresses are sufficiently high. 

The possible damages to insulation due to vibrations 
and mechanical stresses are, therefore, to be looked 
for mainly in machines of large power and relatively 
high voltages where ionization may ensue. 
coexistence, in large power machines, of high tempera- 
tures with high voltages, failure may be caused either 
by bulging of insulation due to uneven expansion and 
contraction, or powdering of insulation due to soften- 
ing and disappearance of the varnishing materials. 

Where only low pressures of around 110 volts are 
present, relatively high temperatures like 110 deg. for 
fibrous insulation do not appear to destroy the use- 
fulness of the insulation. Where voltages are high, 
the mechanical stresses must be seriously considered 
for temperatures higher than 105 deg. for all types of 
insulation. 
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Fig. 3—CHaARACTERISTIC TEMPERATURE Rise oF TWO GENE- 
RATORS FROM No-Loap To Fuuut Loap 


OPERATING EXPERIENCE 


In analyzing practical experience of life of insulation 
on electrical apparatus, it is very important that 
weighty consideration be given to the foregoing three 
characteristic factors of service. We would be in 
error to conclude that because satisfactory results 
were obtained with certain limiting temperatures in a 
certain class of machines, similar service could be 
obtained in other classes of machines. 

One of the greatest difficulties in making comparisons 
of practical experience with apparatus in different instal- 
lations is the uncertainty of the actual temperatures 
which have actually prevailed in the machine. 

The most common error made by engineers dis- 
cussing temperature limits is to assume that a machine 
rated for say 105 deg. if insulated with fibrous mate- 
rials, or 150 deg. if insulated with mica, because it 
has operated successfully for a number of years, there- 
for 105 deg. or 150 deg. have proved satisfactory in 
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practical service. Nothing can be further from the 
truth than such assumptions. 

The machine may be cooled by air usually 10 to 
20 deg. lower than the 40 deg. standard ambient. 
Fig. 2 gives the five-day averages of maximum daily 
air temperature for 1921 in New York City. These 
show, at a glance, the large margin between the actual 
maximum temperature throughout the year and the 
assumed 40 deg. base of reference. 

The machine may never have carried the rated load, 
so that instead of the 65 and 110 deg. rises allowed 
for the full rated loads, the actual rises in operation 
at partial loads may have been 10 or 15 deg. less. 
Fig. 3 shows characteristic temperature rises for two 
machines from no-load to full load. As large turbo 
units are operated at the most economical point at 
75 per cent to 80 per cent of full rating, the actual 
rise in operation at those loads may be at least from 
10 to 15 deg. less than at full rating. 

The result of these and other variable conditions of 
service is that the actual temperatures sustained by 
the machine may have been 25 or 35 deg. lower than 
the assumed limits. As the vast majority of the ma- 
chines operate under such conditions, it becomes of 
vital importance that when we speak of temperature 
limits, we clearly state whether we mean the actual 
temperature or an arbitrary figure assumed for pur- 
poses of commercial ratings and arrived at by striking 
a reasonably safe limit, which, on account of the afore- 
said service conditions, it is not expected to be reached 
in practise by the vast majority of the machines. If 
in applying the results of our experience we will elim- 
inate from consideration all machines which, while 
nominally rated at say 105 deg. or 150 deg., in practise 
have only operated at 20 or 30 deg. below those limits, 
we will come to consider only relatively few cases 
where actual temperatures of 105 or 150 deg. have 
really obtained. 

Only from the experience of such machines can we 
derive conclusions as to safe temperature limits. 

The maximum copper temperatures of the machines 
in the following illustrations were obtained either by 
direct copper temperature measurements or by adding 
to the highest reading of the thermometer detectors 
between coils an allowance calculated on the basis of 
21 per cent of that rise over the inlet air for each thou- 
sand volts of the rated voltage of the machine. This 
correction seems to be as close as we can ascertain 
from elaborate tests which are under way under the 
auspices of manufacturers and large users. 

In interpreting these records, it must be remembered 
that these maximum temperatures were present only 
during the period of peak load less than four hours a 
day, and generally of much shorter duration. For 
the balance of the time, the copper temperatures were 
lower than the indicated maximum, mainly on account 
of lower loads and sometimes on account of lower 
temperature of the inlet air. 
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Fig. 4 gives the log of maximum temperatures sus- 
tained by one turbo-generator, which has had several 
failures, and Fig. 5 the log of maximum temperatures 
representative of three turbo generators, two of which 
have had several failures. The characteristic features 
of these failures were either bulging insulation, pow- 
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Fic. 4-—CHARACTERISTIC OPERATING CONDITIONS 


21,000-kvy-a., 1500-rev. per min., 11,000-volt generator 
(1) Daily maximum kw. load 
(2) Daily maximum copper temperature 
(3) Inlet air temperature 

For failures, see curve of machine A in Fig. 6. 


dering of filler and mica at edges of copper windings 
or overheating of iron laminations. 

The records of coil burn-outs of the three machines 
which had failures are graphically plotted in Fig. 6 in 
reference to total hours of service between failures. 
The third machine of the same type as B and C operated 
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Fig. 5—CHARACTERISTIC OPERATING CONDITIONS 
For three 19,000-ky-a., 1800 rev. per min., 8000-volt generators 
(1) Daily maximum kw. load 
(2) Daily maximum copper temperature 


(3) Inlet air temperature 
For failures of two units, see Curves of machines Band C in Fig. 6 


under the same conditions of service without failures, 
though when the coils were removed they showed the 
same characteristic features of impaired insulation. 
The records of failures of machines designed for high 
temperatures could be extended, but the writer was 
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not able, within the very short limits of time allowed 
for the preparation of this paper, to secure the nec- 
essary details of operating temperatures and hours of 
service to make the presentation complete as in the 
case of the three machines A, B and C. 

In Fig. 7 are given the maximum copper temperatures 
representative of five machines, one of which has 


A’\Mean Maximum Ten 
155 Deg.Cent. 
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Fig. 6—Recorp or GENERATOR Cort FAILURES 


Machine A—21,000-kv-a., 1500-rev. per min., 11,000 volts 
Machines B and C—19,000 kv-a., 1800-rey. per min., 8000 volts 
Refer to Figs. 4 and 5 for operating conditions 


operated for eight years, two for over two years and 
two for five months, without failures. 

In Fig. 8 are given the maximum copper temperatures 
representative of two machines which have operated 
from three to four years without failures. 
NOVEMBER | DECEMBER 
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Fig. 7—CHARACTERISTIC OPERATING CONDITIONS 
For four 35,000-kv-a., 1500-rev. per min., 11,000-volt generators 
one 30,000-ky-a., 1500-rev. per min., 11,000-volt generator 
(1) Daily maximum kw. load 
(2) Daily maximum copper temperature 
(3) Inlet air temperature 
No coil failures have occurred on these machines. 
One in service for eight years, two for two years, and two for five months. 


These data cover varied experiences with large ma- 
chines of different manufacturers. 
DEDUCTIONS FROM EXPERIENCE 
From this experience it appears that we would be 
justified in concluding that mica insulation would 
not safely withstand temperatures of 150 deg. in high- 
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voltage turbo-generators. This conclusion would seem 
to be in disagreement with the often repeated statement 
that mica insulation on the original Niagara generators 
safely withstood temperatures as high as 185 deg. for a 
long period of years. If, however, we apply to that 
experience the consideration of the three factors with 
which I prefaced this presentation, and recollect the 
special circumstances of the Niagara case, involving 
heavy copper bar windings in a generator armature 
of relatively smaller length than in large turbo-generators, 
relatively smaller kw. power per pole, relatively slower 
speed, and a very moderate pressure of 2200 volts, 
we would conclude that these conditions are so essen- 
tially different from the conditions existing in a modern 


large size, high-speed, high-voltage generator that such 


experience is of no real value in our problem. 
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Fig. 8—CHARACTERISTIC OPERATING CONDITIONS 


For two 35,000-ky-a., 1200-rev. per min., 12,000-volt generators 
(1) Daily maximum amperes load 
(2) Daily maximum copper temperature 
(3) Inlet air temperature 

No coil failures have occurred on these machines. 

In service three and four years. 


The experiences I have reviewed should lead us to 
the conclusion that maximum copper temperatures 
of not exceeding 105 deg. for mica insulation in high- 
voltage turbo-generators should give safe operation. 
Temperatures around 150 deg. are unsafe. It is 
probable that some higher maximum temperature than 
105 deg. might prove satisfactory. To what extent 
the limit of 105 deg. might be safely raised is a question 
which cannot be definitely settled in the light of the 
experience available. 


ENGINEERING AND ECONOMICAL CONSIDERATIONS 


Having arrived at the conclusion that, with the 
present knowledge, about 105 deg. should be the limit- 
ing copper temperature in large machines, the question 
arises whether it is practical and economical to impose 
such a limit on the industry. 

From an engineering standpoint, there appears to 
be no difficulty in building 105 deg. generators larger 
than required for the largest size steam turbines that 
have been produced for the two speeds of 1200 and 
1500 revolutions. For the 1800- and 3600- rev. per min. 
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speeds, the 105 deg. generators are today close to 
the limits of the steam turbines, 7. e., about 8000 
kv-a. and 35,000 kv-a. at 85 per cent power factor 
for 6000-kw. and 30,000-kw. steam turbines. If im- 
provements in the steam turbine will make it feasible 
to increase the capacity of the 3600- and 1800-revolu- 
tion turbines, it seems reasonable to expect that corre- 
sponding improvements will also be made to permit 
the construction of correspondingly larger generators 
without increasing the temperature limit. 

There is, therefore, no engineering obstacle to the 
adoption of about 105 deg. limiting temperature for 
the largest sizes of machinery now built. There re- 
mains only to be considered the question of economy. 
Does the 105 deg. limit make the cost of the machine 
unjustifiably high? 

Unquestionably, a machine designed for a high 
temperature is cheaper than a machine designed for a 
cool temperature. A difference of say 25 deg. may 
make a sensible difference in cost. On the other hand, 
the machine designed for a cool temperature will be 
more efficient than the machine designed for a high 
temperature. It is difficult to evaluate in dollars 
per kilowatt to what extent these differences will affect 
the net results. . 

For an approximation, I would make a rough guess 
that the purchaser would be justified in paying $1 per 
kilowatt more for the cooler machine for the saving in 
higher efficiency.2. This would leave the purchaser the 
net advantages of the greater factor of safety of the 
machine designed for cool operation. 

As to the manufacturer, I cannot state how far the 
$1 would go to cover the increased cost of the cool 
operating machine especially if, in large size machines, 
he should be compelled to use more and higher quality 
iron and more copper and insulating materials. How- 
ever, the fact that machines of large sizes designed for 
cool temperatures are commercially produced and 


2. From tests for losses and efficiency of two generators 


under load conditions, using the air measurement method, are 
obtained the following comparative results: 
Machine No. 1, having a temperature rise at maximum load 
of 120 deg., gave the following efficiencies of generator: 
iy BONG Se agoncms sons 5 ohaa, SiL@) jeer @ami: 
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Full Loads... 21:0 tees s (04.0 mencent 
Machine No. 2, having a temperature rise at maximum load 
of 80 deg., gave the following efficiencies of generator: 
4G Loads... is5 ns. 20. Spee O46 Percent 
24 Wn0ad.. ck soe ee eee BOGuDo meen t 
LAINE EORNGE, oo a os oe 96.8 per cent 


The total losses of machine No. 1 exceed those of machine 
No. 2, as follows: 
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Even allowing for inaccuracies {n the method of measurement, 
the results illustrate the point that, at least in this case, the cool 
machine had a materially higher efficiency than the hot machine. 
While with other machines the differences may not be as great, 
they will undoubtedly be of sufficient value to produce a sen- 
sible saving at the coal pile in the operation of the cool machine. 
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pete ee seem to indicate that the 105 deg. 

pose unjustifiably high costs of manu- 
facture. 
a of these considerations is that while 
! y the machine designed for cool temperature 
is somewhat more expensive to build than a machine 
designed for high temperature, its slightly increased 
cost is more than balanced by its greater efficiency and 
greater reliability. 

VALUE OF GREATER RELIABILITY 

There 1s undoubtedly general agreement that, other 
things being equal, a machine designed for cool tem- 
perature is safer than a machine designed for high 
temperature. To find the value of this greater safety 
we must consider that with the rapid growth of the 
central station industry, two new factors are becoming 
of primary importance. 

One is, that with increased size of generating units 
and fewer of them in a station, it becomes imperative 
to obtain a greater factor of safety. Also, with the 
expansion of the systems and superpower line inter- 
connections over large areas, the load factors on the 
generating plants tend to increase, requiring longer 
service from each generating unit. 

The other is that, with the development of new plants 
improvements always .become available in the art, 
like utilization of higher steam pressures, higher super- 
heat, higher boiler economy, less heat losses in gases, 
better economy of auxiliaries and better heat balance. 
To secure the economy of this better efficiency, new 
generating units in old as well as new stations must be 
operated to carry the base loads of the system while 
the older units are operated to carry the balance of 
the loads of shorter duration. Therefore, the burn- 
out of an armature in a modern generator is vitally 
serious, not so much for the damage and cost of repairs, 
but mainly for the loss of business, if it cripples the 
system, at the time of peak loads, and the increased 
cost of operation of older and less economical units 
while the large new unit is out of service for repairs. 
With prevailing prices of coal, the failure of a large 
unit may cause a loss in production costs alone of 
$500 to $600 a day for each day the machine is out 
of service for repairs. If the failure also happens at 
a time when the service would have to be crippled, 
the losses would be incalculably serious. 

CONCLUSIONS 

Central station managers are keenly alive to the 

necessity of securing the most reliable apparatus to 


‘safeguard their interests and the interests of the public 


they serve. Designers must approach the problem 
of producing machines of highest reliability. Central 
station engineers should cooperate with the manufac- 
turers in standardizing for all bidders the same limit 
of temperature so as to place the competitive business 
on equal terms. The present Institute rule which 
specifies 85 deg. copper rise for mica insulation but also 
allows 110 deg. cent. subject to special guarantees 1s 
not right. Only one standard should be adopted for 
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the best interests of all concerned. The limiting 
copper rise of 85 deg., which corresponds to the present 
conventional limiting temperature of 125 deg. for the 
conventional 40 deg. standard ambient temperature, 
appears to be the maximum safe limit dictated both 
by yeasons of economy and safety. With this conven- 
tional limit of 125 deg. it should be understood that in 
practise it would be expected that the temperature of 
the inlet air would be around 20 deg. instead of 40 deg. 
so that the actual operating temperature would be 
about 105 deg. In all special cases where the inlet air 
is near 40 deg., as with machines in Fig. 4 and Fig. 7, 
the rise should be limited to about 65 deg. instead of 
85 deg. 

The manufacturer, in taking a conservative stand 
on such an important question, must also consider the 
practical point that the calculation of the ventilation 
of a large machine is relatively uncertain so that the 
results may be several degrees higher than calculated. 
It becomes, then, of practical importance to aim at a 
lower limit to permit of some higher variations to which 
the user may adjust himself without requiring expen- 
sive changes, rather than to set the limit too near the 
danger point so that any higher deviation would neces- 
sitate derating the machine or subjecting it to early 
failures. 


A NEW TRAFFIC LIGHT 


Various systems of traffic or signal lights have been 
installed during recent years in order to care for the 
ever-increasing traffic on city streets at night. These 
have consisted of elevated beacons which are also used 
to control traffic; iron, wooden and concrete posts 
equipped with illuminated globes at their tops; illu- 
minated signs, ete. 

A recent development in a traffic signal that is dis- 
cernible by day and by night is the Mushroom traffic 
light. This signal was first used in Milwaukee, and 
since then units of this type have been installed .in 
many other cities, including Chicago, Cleveland, 
Minneapolis, Indianapolis, Detroit, St. Louis, Kansas 
City and many smaller cities. 

This new traffic light consists of an 18-inch heavy 
ruby glass hemisphere covered by a ribbed steel grating 
rising eight inches above the pavement. Its hemi- 
spherical shape causes the wheels of passing vehicles 
accidently striking it to slide off easily without injury 
either to the light or to the vehicle. In this type of 
unit there is no part to be broken off by impact. Two 
75-watt lamps are used. 

This light is designed primarily for use in the center 
of street intersections, especially at intersections where 
traffic is heavy but where a policeman is not regularly 
stationed. Its presence in the street ahead immediately 
denotes to the motorist a busy corner. By dividing 
the traffic and keeping motorists on the proper side of 
the thoroughfare, the possibility of accidents is, of 
course, greatly reduced. 
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Review of the Subject.—Interest in the main step-up trans- 
formers for the New Queenston generating station of the Hydro- 
Electric Power Commission of Ontario centers largely about their 
great physical size and the heavy short-circuit currents to be dealt 
with. Physically they are the largest single-phase transformers in 
operation today. In spite of the fact that they are for 25-cycle 
service, to our knowledge even their kv-a. rating is exceeded by only 
one bank of single-phase transformers now in operation, namely, 
the 70,000-kv-a., 60-cycle bank at the Colfax Station of the Duquesne 
Light Company. 

Figures are given for the weights and dimensions of these trans- 
formers and their component parts as well as the performance cal- 
culated from test results. 

The mechanical forces in 25-cycle transformers are inherently 
high because of the relatively large number of turns necessary to 
develop the voltage, and because of their relatively low impedance to 
the flow of short-circuit currents. As the forces depend upon the 
square of the ampere-turns, it is evident that both the above condi- 
tions contribute materially toward increasing the forces. 

To understand the bracing necessary to withstand the electro- 
magnetic forces developed under short-circwit conditions, it is 
necessary to understand the nature of these forces as well as their 
magnitude. 

The nature and magnitude of the mechanical forces existing 
between current carrying coils are discussed, (1) for a single turn coil 
in space, (2) for two single turn coils arranged concentrically and lying 
in the same plane, (3) for two single turn coils arranged coaxially 
and lying in parallel planes. 

The conclusion is reached that as long as primary and secondary 
coils are adjacent there is no limit on the shape of the coil from the 
mechanical point of view, as all stresses acting in the plane of the 
coils are neutralized and there is therefore no force of any magnitude 
tending to distort the coils. The conclusions reached when single 
turns are considered hold equally as well for coils or growps of 
coils, so that in considering the forces in a transformer these funda- 
mentals must always be kept in mind. 

Thus by interleaving the primary and secondary coils, it is 
possible to overcome completely any limitations which the mechanical 


INTRODUCTION 


N the years 1909 and 1910 there were designed, built, 
and installed at the Niagara Falls substation of the 
Hydro-Electric Power Commission of Ontario, the 

first nine 3000-kv-a. water-cooled transformers, to raise 
the three-phase power from 12,000 volts to a nominal 
transmission line potential of 110,000 volts. The data 
available at that time for designing, building and oper- 
ating 110,000-volt apparatus were rather meager. 

Six years later, in 1916, there were installed in this 
same substation the first three 7500-kyv-a. transformers 
having the same characteristics. Six years of experi- 
ence with the original units on the Hydro-Electric 
Power Commission’s system with many data from other 
sources, made the problem of designing and building 
the 7500-kv-a. units relatively a much simpler one. 
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forces with other arrangements of coils may dictate and to choose 
a coil shape which adapts itself most readily to the solution of the 
other important problems of the design, namely, insulation and 
ventilation. 

The Queenston transformers employ the interleaved type of 
construction familiarly known as the shell form, with rectangular 
pancake coils forming the alternating groups of primary and second- 
ary coils. 

The distribution of the mechanical forces in these transformers 
is analyzed in detail. The effects of imperfect distribution of turns 
and of taps are shown to be very undesirable. All of the required 
voltages could have been obtained with considerably fewer leads and 
taps but the reduction in the insulation difficulty through the elimina- 
tion of extra leads would have been accompanied by an increase in 
the mechanical forces due to unbalancing conditions on tap con- 
nections. In these transformers the maximum stress occurs on the 
first under voltage tap and has a value equal to 136 per cent of the 
maximum stress with the full winding. 

Having analyzed*the various types of forces to be met with in the 
design of transformers of this type of construction, it will be interest- 
ing to examine the mechanical supports which have been provided 
in these units. 

The proper ventilation and insulation of a transformer is equally 
as important as the adequate mechanical support of the winding. 
The system of bracing used in these transformers is particularly 
interesting, in that, in spite of the substantial construction used, the 
other vital factors of ventilation and insulation have not been 
empaired in the least. 
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Interest in the main step-up transformers for the 
new Queenston generating station of the Hydro-Elec- 
tric Power Commission of Ontario centers largely about 
their great physical size and the heavy short-circuit 
currents to be dealt with. Physically they are the larg- 
est single-phase transformers in operation today. In 
spite of the fact that they are for 25-cycle service, to 
our knowledge, even their kv-a. rating is exceeded by 
only one bank of single-phase transformers now in oper- 
ation, namely, the 70,000-kv-a., 60-cycle bank at the 
Colfax station of the Duquesne Light Company. 

The design of transformers of such great capacity 
requires the solution of many difficult mechanical prob- 
lems. This phase of the design is particularly difficult 
when the transformers must be made self-protecting 
against the short-circuit stresses incident to a 25-cycle 
system of the magnitude contemplated for this develop- 
ment. Planned for an ultimate capacity of some 
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fifteen 45,000-kv-a. generators, the Queenston station 
will be among the largest ever projected. 


PHYSICAL DIMENSIONS AND WEIGHTS 
A few statistics as to the physical size of these units 
might be of interest. They have a nominal rating of 
15,000-kv-a. output at 80 per cent power factor de- 
livered at 63,500 volts with 12,000 volts impressed. 
To compensate for the drop through the transformers 


cee 


under the above load condition, the open-circuit volt- 
age is 67,200 volts. They have a maximum rating 
of 16,500 kv-a. under the same conditions of loading 
as given above with a guarantee of 55 deg. cent. rise in 
temperature as measured by change in resistance. 

They are operated in banks of three, delta-connected 
on the low-voltage side, star-connected on the high- 
voltage side, to step up the generated power from a 
nominal voltage of 12,000 volts to transmission line 
potential. Taps are provided on the high-voltage 
windings so that the line potential may be varied 
between 110,000 to 132,000 volts. 

The windings contain over 11,000 pounds of copper 
and the magnetic core contains over 60,000 pounds of 
punchings. The bare transformer weighs 99,000 
pounds. ‘The case, cover, base and various accessories 
weigh 46,500 pounds. Complete, with oil, the unit 
weighs 205,500 pounds. 

Owing to the large dimensions and the great weights 
of the parts, especially cores and tanks (see Figs. 1 and 
18), methods of handling at the manufacturer’s plant 
and at the site of the power house as well as transporta- 
tion facilities had to be considered in laying out the 


design. 
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The case is a cylindrical boiler plate shell, 9 ft. 6 in. 
outside diameter, and stands 21 feet from the rail to 
the flange at the top. The height from the rail to the 
top of the high-voltage terminal is slightly over 28 feet. 
The great height of the transformer is partly on account 
of the crowned cover and bottom which were necessary 
to meet the requirement of 150 Ib. per sq. in. pressure, 
or 24 inches of vacuum, test on the tank. The bare 
tank with cover weighs 28,000 pounds. The tanks 
were delivered complete on the power house site. 

The heaviest pieces are the transformer cores (Fig. 
18). Ready for shipment they measure 7 ft. 2 in. by 7 
ft. 4 in. floor space by 12 ft. 4 in. from floor line to top 
of insulating washers. Each core was shipped complete 
as shown in Fig. 18, except that the terminal supports 
were removed. The windings and insulation having 
been thoroughly dried and treated, the cores were sealed 
in oil in a special shipping tank. The shipping tank, 
oil and core weighed 142,000 pounds. At the manu- 
facturer’s plant and at Queenston the cores were 
handled with special lifting rigs by overhead cranes. 

At Queenston the transformer cores were transferred 
directly to the main tanks, and flooded with oil. This 
procedure obviated the necessity of any drying and 
treating of the windings or insulation after installation, 
furthermore it greatly reduced the time required to put 
the units into actual service. 


RATING AND PERFORMANCE 
The Hydro-Electric Power Commission of Ontario 
required these transformers to be rated to develop 
63,500 volts when delivering 15,000 kv-a. at 80 per 
cent power factor, with 12,000 volts applied to the low- 
voltage terminals at 25 cycles, and further that they 
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would operate successfully with as high as 13,200 volts 
applied without excessive no-load current and losses. 

With the above rating the transformers have a 
regulation of 5.85 per cent. This gives current rating 
of the windings as follows: 236 amperes for the high 
voltage, 1320 amperes for the low voltage. All tests to 
determine the performance of these units were made 
with above current values. 

Complete tests to determine the no-load and full- 
load losses, also temperature runs with full-load cur- 
rent and voltage in the windings by the opposition 
method, have been made at works of the Canadian 
Westinghouse Company, Limited. All temperatures 
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of windings were determined by the increase in resist- 
ance method. The results obtained from temperature 
runs indicate that with full kv-a. output under normal 
voltage and frequency with 45 imperial gallons (54 
U. S.) of water per minute through the cooling coils, 
the temperature of the windings will not exceed 68.5 
deg. cent. or a temperature rise of 43.5 deg. cent. 
above ingoing water at 25 deg. cent. 


Fig. 2 indicates the efficiency of these transformers 
at 100 per cent and 80 per cent power factor, calculated 
_from the measured no-load iron losses and full-load 
wattmeter copper losses at 75 deg. cent. 


IMPORTANCE OF MECHANICAL PROBLEM 


The mechanical forces in 25-cycle transformers are 
inherently high because of the relatively large number of 
turns necessary to develop the voltage, and because of 
their relatively low impedance to the flow of short- 
circuit currents. As the forces depend upon the square 
of the ampere-turns, it is evident that both the above 
conditions contribute materially toward increasing the 
forces. Frequently the conditions under which a trans- 
former operates are such that external impedance con- 
siderably reduces the magnitude of the short-circuit 
eurrents which can flow through the transformer. 
On small systems advantage can frequently be taken 
of this external impedance to make the transformer good, 
for the conditions under which it has to operate without 
making it capable of sustaining a short circuit with full 
voltage maintained. The usual interpretation of the 
phrase “‘self-protecting”’ is to consider the worst case 
possible, namely with full voltage maintained. 


On large systems only very slight advantage can be 
taken of external impedance owing to the great con- 
centration of power. With systems of the capacity 
of the Niagara system, a further complication arises 
from the limitation in the amount of current which can 
safely be interrupted by the circuit breakers. 

Frequently it will be found advisable so to group the 
machines and busses as to limit the amount of current 
which can flow into a fault to an amount which will be 
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within the breaker capacity. This was the case in the 
layout of the Queenston station so that some slight 
advantage could be taken of the fact that generators and 
their respective transformers will never operate in paral- 
lel without reactors between.the units. The greater 
the capacity of the individual transformer banks ona 
system in proportion to the total generating capacity, 
the greater becomes the difficulty of making them fully 
self-protecting and the less becomes the necessity for 
their being made so. 
NATURE OF FORCES IN TRANSFORMER COILS 


To understand the bracing necessary to withstand 
the electromagnetic forces developed under short- 
circuit conditions, it is necessary to understand the 
nature of these forces as well as their magnitude. 
Consider first a single circular turn of wire carrying 
current. If the leads enter the turn along a radius their 
effect may be neglected and the forces on this turn are 
due only to the reaction between the various elements 
of the turn upon one another; thus as illustrated in 
Fig. 3, the forces acting are all radially outward from 
the center of the coil and are equally distributed around 
the circumference of the coil. 
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That the effect of the leads may always be neglected 
becomes clear when it is remembered that, in the usual 
case, the coil will consist of a large number of turns 
instead of a single loop and the forces on portions of the 
coil will be many times those which can exist between 
the entering leads. Now consider two concentric 
circular turns lying in the same plane, and carrying 
equal currents. The forces are still radial as shown in 
Fig. 4, with two cases to be considered, first, currents 
in two turns in phase and second, currents in two turns 
out of phase. The forces illustrated in Fig. 4 are for 
the condition of the currents being out of phase by 180 
deg. as would be the case between a primary and second- 
ary winding. The forces between the two turns are 
repulsive and tend to keep them concentric. If the 
current were in phase in the two coils the forces would 
become attractive and any eccentricity would tend to 
increase the force at the point of least separation until 
the two turns are finally brought into contact. 

To analyze this case more closely consider a section 
A B of the two turns shown in Fig. 4. Fig. 5 shows 
conditions at this point. For convenient reference, 
the different conductors have been numbered and the 
direction of flow of current is indicated in the conven- 
tional manner. There is a strong repulsion between 
conductors 1 and 2 due to their proximity and a re- 
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pulsion of the same order of magnitude between con- 
ductors3 and 4. These are not the only forces acting, 
however. Conductor 1 is attracted by conductor 3 and 


repelled by conductor 4. The magnitude of these forces 


compared with the magnitude of the forces between 
conductors 1 and 2 is inversely as the distances between 


Fig. 6 


them. Thus, when the diameter of the circles is great 
in comparison with their separation the forces on con- 


ductor 1 due to conductors 3 and 4 are in opposite 


directions and of very nearly the same magnitude. 
The excess of the attraction toward conductor 3 over 
the repulsion from conductor 4 slightly decreases the 
repulsion between conductors 1 and 2. By this pro- 
cess of reasoning it may be clearly demonstrated that 
the only forces which need be considered are those 
between adjacent coil sides. 

The other common grouping of windings employed in 
transformer construction is the inter-leaved grouping 
in which all coils are coaxial and primary and secondary 
groups alternate with one another across the opening in 
the magnetic core. The mechanical forces between 
windings arranged in this manner are radically different 
from what they are with the concentric construction. 
Refer to Fig. 6, in which the turns are of the same dia- 
meter and lie in parallel planes. Fig. 7 shows a cross- 
section looking in the direction A B indicated in Fig. 
6. The direction of the various forces acting is shown 
by the arrows. On any conductor there are three 
forces acting. For example on conductor 2 there are 
a strong force of repulsion from conductor 1, a very 
much weaker force of repulsion from conductor 3, 
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and a force of attraction toward conductor 4 of the 
same order of magnitude as the repulsion from conduc- 
tor 3. The horizontal. component of the attraction 
2-4 practically wipes out the repulsion 2-ae and sits 
vertical component detracts only slightly from the 
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repulsion 1-2. The net result is that the only force of 
magnitude is that between conductors 1 and 2 and 
all forces acting in the plane of the coils are practically 
neutralized. 

The conclusion is reached that as long as primary and 
secondary coils are adjacent there is no limit on the 
shape of the coil from the mechanical point of view, as 
all stresses acting in the plane of the coils are neutralized 
and thereis therefore no force of any magnitude tending 
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to distort the coils. The conclusions reached when 
single turns are considered hold equally as well for 
coils or groups of coils, so that in considering the forces 
in a transformer these fundamentals must always be 
kept in mind. Thus by interleaving the primary and 
secondary coils, it is possible to overcome completely 
any limitations which the mechanical forces with 
other arrangements of coils may dictate and to choose 
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Fig. 9 


a coil shape which adapts itself most readily to the 
solution of the other important problems of the design 
namely, insulation and ventilation. 


DISTRIBUTION OF FORCES IN QUEENSTON TRANSFORMERS 


The Queenston transformers employ the interleaved 
type of construction familiarly known as the shell 
form, with rectangular pancake coils forming the 
alternating groups of primary and secondary coils. 
The interlacing may be indicated symbolically 
LHHLLHHL-LHHL there being three groups 
of high-voltage coils with which are associated a group 
of low-voltage coils on either side. This arrangement 
is called a 6-H-L grouping from the number of spaces 
high to low voltage which occur in the transformer. 
Fig. 8 shows a view of the top of the transformer, on 
which are indicated the connections and the develop- 
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ment of winding. The figures adjacent to the develop- 
ment indicate the percentage of the total series turns 
in each section. Below the plan view has been plotted 
a graph of the magnetomotive force causing leakage 
across the opening between primary and secondary. 
The flux density will be proportional to the m. m. f. 
so that the same chart might represent induction just 
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as wellasm.m.f. It will be noted that the flux density 
rises to a peak value at each H-L space. When it is 
possible to equalize the ampere turns in all groups the 
value of all of these peaks will be identical and other 
conditions being the same, the magnitude of the repul- 
sion at each H-L space will be the same. It is fre- 
quently impossible to get an exact balance and in such 
cases the magnitude of the repulsion at different H-L 
spaces will differ slightly. For example, refer to Fig. 
10 and note the values of the ampere turns across 
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various H-L spaces are + 16.67, — 15.98, + 17.35, 
— 17.85, + 15.98 and — 16.67 respectively. The 
total force against the end groups of coils is that due 
to the maximum value of ampere turns concentrated 
across any H-L space. This follows from the fact that 
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each of the internal groups has a force acting against 
its opposite faces in opposite directions. Since the 
magnetic centers of all groups lie in the same plane, 
the resultant of two such forces is the algebraic dif- 
ference. If there is an excess of one force above the 
other, it is transmitted to the next group and combines 
with the forces developed there. Referring to Fig. 9 
the force against either face of the middle group of 


: high-voltage coils is due to 17.35 per cent of the total 


ampere turns. The reaction against the adjacent 
low-voltage coils is of course of equal magnitude. If 
we call this force 100 per cent then the force developed 
in the next H-L space will be (15.98/17.35)? 100 or 
85 per cent and in the outermost H-L spaces will be 
(16.67/17.35)? x 100 or 92.3 per cent. Cancelling 
out opposite forces of equal magnitude it will be seen 
that the stress of the end group of low-voltage coils 
_] against the supports is due to the highest stress in any 
part of the windings. 

100 per cent — 85 per cent = 15 per cent unbalanced 
force which adds to reaction of 85 per cent against: 
[-} right face of outer high-voltage group giving 100 per 
cent. 

100 per cent — 92.3 per cent = 7.7 per cent un- 
balanced which adds to reaction of 92.3 per cent 
against right face of outer low-voltage group giving 
100 per cent. 


EFFECT OF TAPS 


Taps always result in unbalanced magnetic conditions 
unless equal turns are cut out simultaneously from each 
group. This would lead to a very large number of taps 
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and leads and in most cases the complication could 
not be justified. However, it should always be borne 
in mind that the greater the percentage of the winding 
tapped, the greater is the possibility of increasing the 
forces by unbalancing. Fig. 10 shows the magneto- 
motive force distribution on the first under voltage 


: (4 tap and Figs. 11, 12 and 13 under the other tap co- 


nections. 


All of the required voltages could have been obtained 


i with considerably fewer leads and taps as for example 
me with the development of winding shown in Fig. 14 but 


the reduction in the insulation difficulty through the 
elimination of extra leads would have been accompanied 
by an increase in the mechanical forces due to unbalane- 
ing conditions on tap connections. As will be noted 
from Figs. 8 and 11 to 13, the maximum stress in 
the Queenston transformers occurs on the first under 
voltage tap and has a value of (20.22/17.35)? « 100 = 
136 per cent of the maximum with the full winding. 
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FORCE ON INDIVIDUAL CONDUCTORS OR COILS 
‘Fig. 15 shows an enlarged section of one portion of 
Fig. 8. It will be noticed that the’ individual coils 
which make up this group do not lie in fields of equal 


intensity. In fact the field intensity increases almost 


uniformly from one edge of the group to the other, 
reaching a maximum value at the edge of the space 
H to L. To obtain the total force developed between 
any two groups the ampere turns in that group must 
be multiplied by the average flux density through the 
group. Since the field intensity increases uniformly 
the average will be one-half the maximum. It is 
almost self evident that the coils nearest the H-L 
space will develop the greatest repulsion owing to the 
intense field in which they lie. It is a simple matter to 
calculate the percentage of the total force developed 
in a given group, which is concentrated against the face 
of any particular coil. For example, the number of 
turns in the high-voltage coil nearest the low-voltage 
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winding is 4.41/17.35 x 100 = 25.4 per cent of the 
total number of turns in that group. The average 
field intensity throughout this coil in per cent of the 
average field intensity for the whole group is 


4.41 
MODs ao 


2 
8.62 
The percentage of the total stress developed against 
the first high-voltage coil will then be 0.254 X 1.756 
x 100 = 44.6 per cent. Similarly the second high- 
voltage coil is subject to 


x 100 = 175.6 per cent. 


ee x Wie x 100 = 31.6 per cent, and the 
172385 8.62 


third high-voltage coil to 


ee x gadgp x 100 = 18.6 per cent, and the 
17.35 8.62 


fourth high-voltage coil to 


pele x 2.065 x 100 = 5.7 per cent, of the 
17485 8.62 


total force in that group. 
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In the same way it can be shown that the force against 
the first and second low-voltage coils is approximately 
75 per cent and 25 per cent respectively of the total force 
developed in the group. \ 
The spacing strips which separate the coils to for 
the ventilating ducts must give the coils ample support 
to withstand safely the highest value of stress that can 
be concentrated against it. The problem resolves itself 
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into a question of supporting each individual turn 
frequently enough to limit the deflection under short- 
circuit stress to an amount which the coils can safely 
stand. This limit is set as much by the amount of 
bending which the insulation will stand without break- 
ing, as it is by the elastic limit of the copper itself. 


EFFECT OF DISPLACED ELECTROMAGNETIC CENTERS 


Tapping a coil will always result in locally unbalanced 
conditions. This applies equally as well, regardless of 
whether we are speaking from the electrical or the 
mechanical point of view. From the design point of 
view, taps are always very undesirable. The mechani- 
cal effect of taking a tap out of a group of coils is 
illustrated in Fig. 16, which shows the worst possible 
unbalancing due to a single tap in a group of four coils. 
With one-half of the turns in one coil idle, the shift in 
electromagnetic center lines would be 3.67 per cent 
of the width of the coil. Obviously the conditions 
would be worse with fewer coils in the group, the worst 
case being a single coil. The ideal arrangement would 
be where the electromagnetic center lines are maintained 
coincident under all possible combinations of connec- 
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tions. ‘This ideal condition can be realized even when 
the design is handicapped by taps, provided the taps 
can be arranged to come at the connection between 
coils. Reference to Fig. 8 will show that on these 
transformers for the Queenston station, this problem 
has been successfully worked out so that the taps all 
come from connections between coils. In this way the 
possible displacement is limited to that obtainable 
with good manufacturing tolerances. 

When a displacement in center lines exists, the total 
force in the various planes parallel to the face of the 
coils may be resolved into components parallel and 
perpendicular to the plane of the coils. Fig. 17 shows 
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a section through the upper ends of the coils of a trans- 
former in which the displacement has been exaggerated 
to illustrate the nature of these stresses. With the 
displacement in the direction assumed the resultant 
forces are upward at the center of each low-voltage group 
and downward at the center of each high-voltage group 


Fig. 18 
of coils. Conditions are repeated at the lower ends 


of the coils so that the total vertical forces will be 
double those indicated in Fig. 17. 


METHOD OF BRACING EMPLOYED 

Having analyzed the various types of forces to be met 
with in the design of transformers of this type of con- 
truction, it will be interesting to examine the mechani- 
cal supports which have been provided in these units. 

First to consider the total horizontal force per- 
pendicular to the faces of the coils. Those portions of 
the coils which pass through the laminated core are 
securely held in place against these stresses by the 
punchings themselves. It is only necessary to supply 
supports for the portion which projects beyond the 
iron. Heavy steel plates are placed against the ends 
of the assembled groups ‘of coils and insulation. By 
means of tie rods these plates are clamped about the 
ends of the coils to secure them against possible move- 
ment. Fig. 18 shows clearly the steel plates and 
the tie rods spanning them. Three rods are used 
on either side, two of the upper and one of the lower 
being visible in the picture. The others are concealed 
by the structural steel end frames but the holes pro- 
vided to tighten these are clearly shown. 

The weight of all the coils and insulation is carried 
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on supports which are independent of the stacked up 
punchings which form the magnetic core. This sup- 
port consists of ‘two T beams with heavy spreader 
bolts between. One beam is inserted into each end of 


the opening through the coils. By means of the 
spreader bolts at each end of the beams they are forced 
apart until the opening in the coils is solidly blocked, 
and all the weight transferred to the lower supporting 
frame. Fig. 19 shows the lower 7 beam in position 
ready for the building of the coil, the photograph being 


taken on a unit of slightly different rating and charac- 
teristics. The 7 beams in the case of these transfor- 
mers are made of phosphor-bronze in order to eliminate 
stray losses as they parallel a portion of the magnetic 
circuit. Fig. 18 also shows quite clearly this construc- 
tion. These 7 beams also take care of any vertical 
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stresses due to possible discrepancies in the electro- 


_ magnetic centers of the primary and secondary coils. 


Individual coils are braced by the use of specially 
designed spacing strips. The vertical portions are 


supported by “wavy” spacing strips which support 


each turn at frequent intervals without blanketing 
any portion of the coil. The group of wavy strips in 
any duct is cleated together at several places and the 
cleats dovetail into the channels over the edge of the 
coils so that the strips cannot shift. The corners and 
the ends of the coil are braced by means of the ven- 
tilated spacers shown in Fig. 20. These spacers are 
formed of micarta in such a way that a solid piece of 
material is obtained having ribs at an angle to its 
length and open spaces between the ribs. The slant 
of the ribs is sufficient to support every turn crossing 
the spacer and still allow the free passage of oil through 
the spacing strip. By properly arranging these spacers 
they can be made to direct the flow of oil into and out 
of the ducts along natural stream lines. 

The proper ventilation and insulation of a trans- 
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former is equally as important as the adequate mechan- 
ical support of the winding. The system of bracing 
used in these transformers is particularly interesting, 
in that in spite of the substantial construction used, 
the other vital factors of ventilation and insulation 
have not been impaired in the least. Over 70 per cent 
of the area of each coil lies along a vertical duct in 
which direction the resistance to the flow of oil isa 
minimum. The velocity of oil flow under these con- 
ditions is very high and the swerving oil stream by its 
vigorous action scours off the stagnant film of oil ad- 
jacent to the coil itself, and thereby reduces the 
temperature difference between the copper and the 
oil. This temperature drop at the surface of the coil 
is one of the most important elements of temperature 
difference going to make up the total difference in 
temperature between the windings and cooling water. 
It falls into that division of the temperature rise which 
responds almost instantly to changes of load and there- 
fore has a most important part in determining the 
ability of the transformer to carry overloads. 
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Review of the Subject.—Notwithstanding the very large rated 


x capacity of the 45,000-kv-a. generators for the Queenston power 


house of the Hydro-Electric Power Commission of Ontario, their 
essential construction features are not different from those of much 
smaller rated generators. The generators are of the vertical shaft 
type with two guide bearings, and a thrust bearing. The thrust 
bearing is located above the stator and carries the weight of the 
complete rotating elements of the generator and water turbine. 
Each generator is provided with a direct-connected exciter. 

The flywheel effect required for satisfactory speed regulation of 
the turbines necessitated the use of auxiliary flywheels mounted on 
the shaft adjacent to the generator rotor. The rotor is constructed 
with a number of cast steel wheels which together form the rotor 
spider for carrying the pole pieces. The pole pieces are made of 
punchings and are attached to the rotor with three dovetails per 
pole. The coils are made of copper strip wound on edge. 

The stator frame is split vertically into three sections to conform 
with foundry and shipping limitations but the core is built up with- 
out being split. The stator windings consist of form-wound, 
diamond-shaped coils, each slot containing two coil sides. The 


coils are made of stranded conductor and are insulated with mica 
tape, which affords more or less flexible insulation. The ends of 
the coils are braced against the distorting effect of severe short cir- 
cuits in such a manner as to permit expansion and contraction 
of the copper without injury to the mica insulation. The armature 
phase connections are made with bus rings supported from the 
stator frame, making all connections accessible. 
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HE purpose of this paper is to describe briefly a 
few of the construction features of the 45,000- 
kv-a. generators manufactured by the Canadian 

General Electric Company for the Queenston power house 
of the Hydro-Electric Power Commission of Ontario. 
Because of the fact that the rated capacity of these 
generators is greater than that of any generators ever 
before constructed, there is a tendency to create an 
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impression that their construction would involve 
radical changes from the more or less familiar types 
of much smaller generators, but aside from one or two 
requirements peculiar to this installation, the problems 
presented in the design of these generators involved 
no great difficulties or departure from what has been 
considered standard construction. In fact if our power 
station engineers should find that larger generators 
could be used advantageously it is possible to build 
generators having capacities of 60,000 or 75,000 kv-a. 
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at moderate speed without departing from ordinary 
methods of construction, or meeting with excessive 
costs per kv-a. 
GENERAL DESCRIPTION 
These generators are of the vertical shaft type with 
revolving fields and stationary armatures. They have 
two guide bearings and a thrust bearing. A substan- 


Fig. 1—GrneraL View or THE ASSEMBLED UNIT 


tial base ring supports the stator frame and carries the 
spider bracket for the lower guide bearing. The 
thrust bearing is supported by a deck or spider span- 
ning the top of the stator frame and carries the rotating 
parts of the generator and turbine. There is a 
direct-connected exciter mounted at the top of the 
generator. A general view of the complete unit is 
shown in Fig. 1. The generators are designed to 
deliver three-phase, 25-cycle current at 12,000 volts, 
and rotate at a speed of 18714 revolutions per minute. 
The full-load rating is 45,000 ky-a. at 80 per cent power 
factor, with a temperature rise not exceeding 65 deg. 
cent. as observed by detectors imbedded in the slots 
of the stator core or by resistance measurements of the 
stator or rotor windings. The full-load efficiency in- 
cluding all mechanical and electrical losses is guaran- 
teed to be not less than 9734 per cent at 100 per cent 
power factor. The exciters are rated 150 kw. at 250 
volts. 
STATOR FRAME, CORE AND WINDINGS 

The stator frame is divided into three sections verti- 
cally, in order to keep the weight within the foundry 
capacity and provide sections of a size and weight that 
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could be easily handled in the shop and in transportation. 
These castings are probably the largest in size and 
weight ever used for generator construction, the frame 
being 2414 ft. in diameter by 10 ft high, and weighing, 
complete, approximately 90 tons. In building the 
core of such a large generator it is desirable to avoid 
joints that divide the core into sections because loose- 
ness and vibration of the laminations are liable to 
develop due to the unequal expansion of the frame and 
core, and the difficulty in arranging clamps capable 
of exerting sufficient pressure. Therefore it was de- 
cided to build up the core in the power station thus 
obtaining a continuous ring. The slots in the stator 
core are unusually large for a waterwheel type generator, 
being as large as those commonly used in the large 
high-voltage turbo-generators. The stator winding is 
of the common “Barrel”’ type with two coil sides per 
slot. Each turn of the coils is insulated with mica 
tape applied by hand after the coil has been formed. 
The coil insulation consists of mica tape put on by hand 
with a special compound sticker between layers. 


Fig. 2—ARRANGEMENT OF Stator Comm CoNNECTIONS AND 
Cott Bracing Rines 
1. Phase bus rings. 
. Pole connections. 
. Group connections. 
. Terminal leads. 
. Bracing rings. 
. Stator coil. 
. Clamping flange of core. 
. Clamping fingers. 
9. Punchings or core. 
10. Removable shims to allow taking up settling of core. 
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This process results in a uniform insulation on the 
full length of the coil and when slightly heated a suffi- 
cient flexibility is obtained to permit the removal and 
assembly of coils without great danger of damage to the 
insulation. The semi-plastic condition of the insu- 
lation also permits the expansion and contraction of 
the copper, due to changes in temperature, with a 
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minimum disintegrating effect re : 
lation. - on the mica in the insu- 


i STATOR CoIL SUPPORTS 
he projecting ends of the coi 

oils at both the to 
and bottom are braced against one another by seat 
wooden spacers, placed between the sides of the coils, 


Fig. 3—THE Rotor 


and the whole winding is supported at each end, 
against the distorting effect of short circuits by two 
complete steel rings which are supported from the frame 
by suitable iron brackets. The windings are bound 
securely to the supporting rings with treatedcord. This 
method of binding permits of a certain amount of flex- 
ibility that is desirable to allow for the expansion and 
contraction of the coils due to changes in temperature. 
The bracing rings are covered with insulating material 
not only for insulating purposes but to act asa cushion 
for the coils to rest against, and to take the sharp blows 
resulting from severe short circuits without cutting 
the coil insulation. 
POTENTIAL WAVE 


The stator coils are chorded to take advantage of 
fractional pitch properties in obtaining a voltage wave 
form as near as possible to the ideal sine wave, and to 
eliminate the objectionable harmonics. 


ARMATURE CONDUCTOR 


The section of copper necessary to carry the current 
in the stator windings being too large to use a single 
strand, the conductor was subdivided into a number of 
strands of small section to facilitate the forming of 
the conductor in the coils and also to reduce largely 
the eddy current losses in the copper. The phase 
connections of the stator winding have been taken care 
of in a rather unusual manner by the use of a bus ring 
arrangement supported from the inside of the stator 
frame. The connections between these bus rings and 
the windings are made with flexible connections which 
ean be disconnected. This arrangement allows free 
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access to all the connections for cleaning and fignee: 
tion, and permits the removal of damaged coils without 
disturbing the connections. 


VENTILATION 

Air for cooling the generator is admitted to the pit 
beneath it, through ducts from outside the station, or 
from the generator room, and is drawn into the machine 
by the blower action of the rotor. The air is expelled 
through the openings in the stator frame into a cham- 
ber surrounding the generator, and is then exhausted 
by a fan through a ventilating shaft through the roof, 
or to the different parts of the power house as desired. 
Because of the large volume of air required (about 
120,000 cu. ft. per minute) it was necessary to give 
special consideration to the ventilation in the con- 
struction of the generatorand powerhouse. The unique 
provisions in the design of the power house for the 
generator ventilation are described in another paper 
being presented at this meeting. 


FLYWHEEL EFFECT 
To meet the requirements of the hydraulic equip- - 
ment in regard to speed regulation under conditions 
of sudden changes in load, the rotor was required to 
have a much larger flywheel effect than would have 


Fig. 4——Sratror Coin 


been obtained if the rotor were designed with reference 
only to the strength required. A limited amount of 
this flywheel effect was available in the pole pieces 
with their coils, and the balance had to be obtained 
principally in the rim of the rotor spider. It was 
found that if the axial length of the rotor spider rim 
were limited to''the length of the pole pieces the radial 
thickness of the rim would be so great that the air 
passages: between the rim and the hub would be re- 
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Fig. 5—Compiete ASSEMBLY SECTION or UNIT 


. Exciter. 15 
. Collector rings. 16. 
Exciter platform. didis 
. Thrust collar. 18. 
. Spring thrust bearing. 19. 
Water cooling coils. 20. 
. Thrust bearing platform. Pails 
. Upper guide bearing. 22), 
. Upper bearing bracket. 23 
. Cover plate and manhole. 24, 
. Air baffle ring. 25 
. Upper oil drip pan. 26 
. Collector leads. 2 


. Flywheel section. 


5. Rotor spider section. 


Pole piece. 

Stator core. 

Base ring. 

Fans. 

Pedestal for supporting rotor. 
Lower guide bearing. 

Lower bearing bracket. 


. Lower guide bearing housing. 


Lower oil drip pan. 


. Shaft. 
». Coupling bolt guard. 


Stator frame. 
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stricted too much to allow sufficient air to reach the 
upper ends of the rotor and stator coils. Therefore 
the unusual arrangement was adopted of providing 
two independent spiders or flywheels mounted on the 
shaft, one at each end of the rotor spider proper. 
These flywheels are of the same diameter as the rotor 
spider in order to allow for the assembly of the pole 
pieces. Therotorspider is sectionalized into five wheels 
so that the complete rotor with the flywheels consists 
of seven separate wheels which are mounted on the 
shaft, one above the other. The hubs of these wheels 
are slightly wider than the rims so that openings are left 
between the rims to allow air to pass through to the 
spaces between the pole pieces. The ventilation is 
further assisted by curved fan blades attached to each 
end of the rotor and the recirculation of the air is pre- 
vented by baffle plates and covers around the ends of 
the stator windings. 


Fic. 6—Urrer GuipE BEARING 


FIELD COILS 


The field coils are probably the largest ever’ made. 
Each coil is wound from a continuous strip of copper 
1100 feet in length and weighing 2600 pounds. This 
strip is wound on edge in the usual manner and the 
adjacent turns are insulated from each other with as- 
bestos and mica. The insulation between the coil and 
the pole core is of mica sheets while the insulating 
collars are of asbestos board so that the coils can be 
subjected to considerable heat without injury. This 
fire-proof insulation was not thought necessary be- 
cause of an excessive temperature rise in normal service, 
but to prevent injury to the coils by a fire in the gener- 
ator resulting from a failure in the stator winding. 


POLES 


The pole pieces are of the usual construction having 
\¢inch punchings riveted together between heavy 
cast steel end plates. Each pole has three parallel 
T-shaped dovetails which are designed to withstand the 
stresses due to double normal speed, without exceeding 
half the elastic limit of the material. Each pole with 
its coil weighs five tons and the peripheral velocity 
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of the pole face at normal speed is over two miles per 
minute. The flywheel effect of the complete rotor is 
equivalent to 21,000,000 pounds at one foot radius. 
The shaft which is 30 inches in diameter in the bearings, 
has a solid forged coupling. In order to insure ample 
stiffness of the shaft, the critical speed with the rotor 
and shaft in a horizontal position was kept well above 
the run-way speed of the water-wheel. The upper 
end of the shaft has a groove machined in it to receive 
a split ring for transmitting the weight of the rotating 
parts to the thrust collar and spring thrust bearing. 


BEARINGS 


The guide bearings are of the usual General Electric 
construction for this type of large generator. They 
are provided with a number of small grooves for lubri- 
cating purposes. 

The thrust bearing is of the spring supported type 
and is designed to carry a total load of 500 tons. 
Briefly, the distinctive feature of this type of bearing 
is that the stationary part consists of a relatively thin 
steel plate with a babbitted bearing surface which is 
supported by a large number of coil springs. The slight 
flexibility of the plate in conjunction with the spring 
support permits the plate to conform with any slight 
irregularity either in the supporting structure or the 
shaft and thrust collar without causing local unit 
pressures large enough to prevent the maintenance of a 
film of oil between the bearing surfaces. The thrust 
bearing operates in a bath of oil which is renewed at a 
comparatively low rate with clean oil from the station 
oil system. The heat generated in the bearing is 
taken up directly by the oil as it passes through and 
around the bearing plates and is then removed from 
the oil by water cooling coils immersed in the oil bath. 


BEARING BRACKETS 


The upper bearing bracket or bridge-tree for sup- 
porting the thrust bearing and exciter, has eight arms 
and is of cast steel. Because of shipping limitations it 
is split into halves which are joined together with 
fitted bolts. 
factory with a load of 1000 tons by means of hydraulic 
jacks. This test load is double the normal operating 
load and gave assurance that the castings were sound. 
Cast steel was used for these brackets not only because 
of its greater strength but also to limit the deflection 
to a value that would not interfere with the adjust- 
ment of the bearings or other parts of the generator 
and turbine. The calculated deflection of 47 mils 
was reasonably consistent with the observed value of 
35 mils. The castings were slightly thicker than the 
drawing dimensions which fact probably accounts for 
the difference between the two values. 

The openings between the arms are closed with sheet 
steel covers. Manholes of generous dimensions in these 
covers permit ready access to the upper part of the 
rotor and stator for cleaning and inspection. 

In view of the fact that this power development is 
public enterprise and therefore will be open to public 
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inspection, much attention has been paid to the design 
of the thrust bearing bracket, exciter and platforms, 
and railing, to obtain graceful proportions, and at the 
same time present an impression of strength and mas- 
siveness in keeping with the great power capacity of 
the generator and station. Two platforms are provided 
the lower one for inspection of the thrust bearing and the 
upper one for the inspection of the exciter and collector 
rings. The exciter armature is mounted on a short 
shaft with a forged coupling which is bolted to the top 
of the generator shaft. The collector ringsaremounted 
on the generator shaft just below the exciter coupling 
and in case the exciter armature is removed for repairs 
it is not necessary to disturb the generator collector 
rings and the generator can be kept in service while 
the exciter armature is being repaired. 

The lower guide bearing bracket is supported on 
the inner projection of the base ring. The opening 
for the guide bearing is large enough to pass the coupling 
on the shaft. The guide bearing shell is made as light 
as is consistent with good construction to facilitate 
removal, and is supported in the bearing bracket by 
the housing. Both the shell and housing are assembled 
and removed from below the bracket. The arms of 
this bracket have pads directly beneath the rim of the 
rotor spider, four of which are for the air brakes. The 
other four are to be used for lifting jacks for raising and 
supporting the rotor when assembling and dismantling 
the thrust bearing. The arms are designed so that 
four of them have ample strength to support the weight 
of the rotating parts of the generator and waterwheel. 

DIMENSIONS AND WEIGHTS 

In conclusion the following weights and dimensions 
may assist in formulating a conception of the size 
and proportions of these generators: 


Outside diameter of stator frame........ 24 ft. 6 in. 
Over-all height from face of coupling to top 

Ob. CxCli@iwe ae ahaa aid eek 83. ft. LOans 
Over-all height from base ring.......... 23 dt one 


Weight of stator with core and windings.. 175 tons 


OS ASO TAO Meas ke ene Hee be 
Diameter of shaft in rotor.............. 32 inches 
o «COUP Oat aoe ae re a 53 ae 
Lenoth.ot shalt eee eo een cee hack: 30 feet 
Weicht of shatter: 40 tons 
Weight of upper bearing bracket........ TO oe 
« — & lower : CN ante | 7s 
Diameter of thrust bearing............. 69 inches 
Load on thrust bearings.574-2-51+-.-- 500 tons 


“ 


Weight of one pole piece with coil....... 5 


« « rotor spider (7 sections)....... 190 “ 
GMT eiled NEMONDURO Olen co gee oe ga Salty 
. « generator with exciter.... 625 “ 


65 miles of wire used in one set of stator coils. 

450 miles of tape used to insulate one set of stator 
coils. 

110,000 punchings required for stator core. 

314 miles of copper strip used for one set of pole coils. 

4 tons of cooling air required per minute. 


Determination of ‘Temperature of Electrical Apparatus 
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Temperature measurements constitute a large part of the work of the test department of an electric light and power 


company in the acceptance and maintenance of the electrical equipment. 
which are applicable to this work are discussed in this article. 


The methods of measuring temperature 
The characteristics of the different kinds of temperature 


measuring apparatus are brought out by describing a number of actual tests. 
In the article considerable attention has been given to various forms of thermocouples which have been found very 
useful in obtaining temperature measurements on cables and in underground conduit systems. 


HE following paper is intended as a discussion of 

the various commonly used methods of deter- 

mining temperature, such as would be employed 
in the test department of an electric light and power 
company. The temperature measurements, as a mat- 
ter of fact, constitute a large part of the acceptance 
tests of electrical equipment and supplies, and form a 
considerable part of the investigation of service per- 
formance and characteristics after the equipment has 
been accepted and placed in service. 

The four commonly used means of measuring tem- 
perature are by thermometer, by resistance thermo- 
meter, by thermocouple and by change in resistance 
in the winding or circuits of the apparatus under test. 

If an electric light and power company rigorously 
maintains the policy of testing for acceptance, as far as 
possible, equipment and materials purchased, it results 
in the presentation of many varied kinds of equipment 
and material with consequent problems in connection 
with their test. This paper proposes to discuss the 
adaptation or application of the various methods of 
measuring temperature to specific kinds of equipment 
and material, rather than to discuss the various methods 
in a general way. It is understood that the tempera- 
ture measuring devices themselves are well established 
and are not presented here as novel and probably not 
new in their application. However, many test details 
arise in connection with the use or application of the 
various forms of measurement to the particular equip- 
ment under test. The discussion of a number of 
specific test conditions will bring out some of the 
characteristics and limitations of the various methods 
of measuring temperature. 

The work of a test department of this character 
covers a fairly broad field, but it does not require the 
use of every type of temperature measuring apparatus, 
nor are all types suited for the conditions encountered. 
In general, the temperatures which are measured are 
less than 200 deg. cent. and in most cases are confined 
within the limits permissible in electrical apparatus. 
The measurements usually need not be made more 
precisely than to. the nearest degree centigrade.. Ac- 
cordingly, the discussion which follows will pertain to 
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measurements in this temperature range and of this 
general precision. 

Before describing the detailed applications, some 
of the types and characteristics of the four kinds of 
temperature measuring apparatus will be briefly dis- 
cussed. 

The thermometer method is the simplest and most 
convenient to use. With the thermometer the indica- 
tion of temperature is obtained directly without the 
use of any auxiliary equipment. 

The following forms of thermometers are found to 
supply the general demands of test work. 


1. Indicating (mercury and spirit). 

2. Recording. 

3. Maximum-and minimum indicating (constricted- 
bore type and Six’s type). 

The mercury indicating thermometers of the gas 
filled type are to be preferred for most work. These 
thermometers are calibrated for partial immersion 
(frequently 3 inches). This is desirable as in ordinary 
use only the bulb is in contact with the apparatus. 
The spirit thermometers are calibrated for full immer- 
sion and are used in locations where air or fluid tem- 
peratures are desired and danger from high voltage 
makes it inexpedient to use mercury thermometers. 
In case of breakage of spirit thermometers, the hazard 
from voltage breakdown in high tension apparatus is 
less than with mercury thermometers, due to the quick 
evaporation of the fluid. 


The recording thermometers are standard instru- 
ments which can be purchased in various types and 
ranges. It is found that the self-contained instrument 
suited for ambient air temperature measurements has 
the widest application for portable use. 


Where apparatus is inaccessible or where there is 
hazard from high voltage, it is frequently not practic- 
able to use thermometers. In such cases, the resistance 
thermometer or thermocouple properly insulated or 
the change in resistance method are used. 

The shape and bulk of the resistance thermometer 
units do not always make them readily applicable to 
test conditions. In order to obtain sufficient strength, 
the unit must be made large, the small units being 
fragile and expensive. This type of apparatus has 
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en better suited for permanent installation 
an for portable testing work. 

In general test work, the thermocouple has proved 
more useful than the resistance thermometer. It is 
small, strong, easily made up, and will give readings 
at a distance with a sufficient degree of accuracy. A 
copper constantan couple is used for temperatures up 
to 200 deg. cent. The indication is obtained by means 
of a potentiometer type temperature indicator cali- 
brated directly in degrees for this type of couple. This 
Isa null method of measurement which avoids correc- 
tion for lengths of connecting leads and permits accurate 
determination of temperatures at considerable distance 
from the instrument. 

The thermocouple wire for use with these instru- 
ments can be purchased with a guarantee that the 
results will be correct within one degree centigrade over 
the entire scale. This is sufficiently accurate for the 
work encountered, and presupposes that the constantan 
wire has been carefully selected. The two conductors 
are made up in a duplex wire and each insulated with 
rubber. Surrounding both wires there is a weather- 
proof covering. Rubber insulation should cover each 
wire separately as cotton insulation alone is liable to 
absorb moisture and produce internal galvanic action 
introducing errors in the temperature readings. 

It has been found desirable to give each shipment 
of thermocouple wire on receipt acceptance tests to 
insure that its characteristics are as guaranteed and 
to insure against defective insulation. 

1. Each coil of wire is tested as a thermocouple 
between 20 deg. cent. and 150 deg. cent. with the port- 
able direct reading potentiometer temperature indica- 
tors, in order to ascertain that its e. m. f. agrees with 
the standard curve. 

2. The insulation resistance between the two con- 
ductors of each coil is measured with a 1000-volt 
megger. 

3. A 50-foot sample is cut from the coil and its insu- 
lation resistance is measured as in (2). 

4. The sample in (3) is heated to 100 deg. cent. for 
one hour and then connected to a temperature indicator 
with the end open circuited in order to determine 
whether any electrochemical e. m. f. is generated. 

5. The insulation resistance of the sample is mea- 
sured while hot, following the same precedure as in 
(3). 

After passing these tests, the wire is ready for use. 
Couples can be made up in the field by simply twisting 
the copper and constantan together and soldering the 
junction. The length can be made to suit the field con- 
conditions, and no further calibration is needed. 

The fourth method of measuring temperatures makes 
use of the change in resistance of the windings. The 
results obtained by this method are accepted as the 
average temperature of the conductors. It is not 
possible to measure hot spot temperatures by this 
method. In tests on transformers, regulators, reactors 
and cables, the resistance method is extensively used. 


RUTAN DETERMINATION OF TEMPERATURE 
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With the above methods available, the selection of 
the method depends on the character and the location 
of the apparatus to be tested. Some of the typical 
tests are described below, and also the reason for select- 
ing the various methods discussed. In describing 
the tests only brief mention is made of the technical 
details except as they affect the methods of measuring 


Fig. 1 


temperatures. In order to give a clearer idea of the 
equipment under test and the temperature measuring 
apparatus, illustrations and diagrams of many of the 
tests have been included. 

In Fig. 1, a group of circuit breakers is shown setup 
for test. 'The thermometer method was used because 
the apparatus was easily accessible and this method was 
the simplest. The thermometers were placed at the 
points where the highest temperatures were expected, 
at the contacts and joints. The bulbs were placed in 
contact with these parts and were covered with putty. 


On account of the small size of the breakers, the area 
covered by the thermometers and putty was kept toa 
minimum so that the radiating properties were not 
appreciably altered. The thickness of the putty 
covering was sufficient to protect the bulb from the 
influence of the air. 
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In tests where the radiating surface is very small, 
thermocouples have the advantage over thermometers. 
‘The arrangements for such a test are shown in Fig. 2, 
which is an illustration of small copper catches set up 
for test. The thermocouples were soldered to the 
catch, bus and lug. If thermometers had been used, 
the bulb and putty would have seriously reduced the 
radiating surface. The thermocouple junctions and 
the spot of solder did not appreciably alter the radia- 
tion, so that it was possible to make a detailed tempera- 
ture survey with very little change in normal operating 
conditions. 

In some cases, a number of methods find application. 
Fig. 3 is an illustration of the cable and equipment. 
In Fig. 4 a diagrammatic layout of the cables is given 
which shows the location of the thermometers and 
thermocouples. The cable was a_ three-conductor 
cambric-insulated high-voltage cable. Over the outer 
belt of insulation, there is a steel armor and over this, 
a weatherproof covering. The surfaces of the cables 
were painted so as to give different radiating effects. 
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The conductors of the various sections were con- 
nected together so that current from a low-voltage 
supply could be circulated through each of the phases. 
The rated potential difference was maintained by 
another source, so that the net dielectric losses were 
the same as in normal service. In arranging the cir- 
cuits, provision was made so that by using a switch to 
throw from a-c. to d-c. supply, the conductor resistance 
could be measured immediately after opening the test 
current. ‘The leads for the voltage measurements were 
permanently soldered to the conductors and brought 
to a central point so that the readings could be quickly 
taken and sources of error due to poor connections 
avoided. From these measurements, the average 
temperature of the conductors in each section was 
determined. 

The temperature of the steel armor was measured 
by means of thermocouples inserted under the armor 
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through slits in the weatherproof covering. The 
thermocouple wires were brought back to a dial switch 
shown at the center of Fig. 3. The temperature 
indicator was placed on an insulated platform on which 
the observer also sat when taking readings. This 
safeguard was necessary as the thermocouple leads 
might become alive due to a failure in the insulation. 
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Thermocouple 


On the surface of the cables, thermometers were 
used to obtain the temperature. These thermometers 
were held down with putty. The air temperatures 
were measured by means of both indicating and record- : 
ing thermometers. 

When it is desired to obtain maximum internal 
temperatures, such as in a splice, the thermocouple 
is the best method. The location of the probable hot 
spots is determined and the thermocouples are located 
at these points. 

For example, a test was made on a splice of a con- 
centric one million-cir. mil, lead-covered cable. The 
problem was to analyze the temperatures in and around 
the splice after it was completed as it would be made 
up in service. The thermocouples were therefore 
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built into the splice as it progressed and the normal 
lay of the cable insulation and lead armor was dis- 
turbed as little as possible. One thermocouple was 
placed at the joint in the inner conductor. This was 
fastened to the wiping solder used at that point. Other 
thermocouples were spot-soldered to the inner con- 
ductor about four inches each side of the joint, and the 
leads brought through a small triangular slot cut in 
the paper insulation, the cut being so made that the 
insulation could be bent back in place after the thermo- 
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couple was located. A cross section of the splice is 
shown in Fig. 5 and the location of the thermocouples 
on the inner and outer conductors and sheath are 
indicated. 

The leads to the thermocouples were made as small 
as possible so that they could be all grouped together 
and brought out through a hole in the lead sleeve of 
the splice which was securely sealed. Fig. 6 shows an 
external view of the splice and the connections to the 
temperature indicator. 

Another application of thermocouples was in tests 
on air-blast transformers. Thermocouples composed 
of flat strips were found useful for this work. These 
thermocouples were from one to three feet long and 
were made up of the copper-constantan strips encased 
in a micarta covering. The strips were joined to form 
a junction at one end and at the other the regular 
thermocouple wire was soldered to the strips and 
extended to the temperature indicator. These junc- 
tions were wedged between the low-tension winding 
and the separators. 
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Such thermocouples could not be placed in contact 
with the high-tension windings with safety. In order 
to measure the temperature of the high-tension wind- 
ings, thermometers were used. These were fastened 
on the coils usually at the top. The readings of the 
thermometers were obtained through the top of the 
transformer by protecting the eyes with goggles, (on 
account of the air blast). If the thermometers were 
located at greater distances than two feet a galvano- 
meter telescope was used. In addition, thermometers 
were lowered on strings in the air passages in order to 
obtain the air temperature. Spirit thermometers 
were used for this purpose as they were less liable to 
cause a ground if broken inside of the transformers. 

On rotating machinery, the temperatures are ob- 
tained by thermometers when the apparatus is acces- 
sible. For example, on synchronous converters, and 
generators and motors, the thermometers are placed 
on the stationary parts such as the field coils, pole tips, 
frame, bearings and brush brackets and collector buses. 
On induction motors and other apparatus on which the 
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major part of the windings are imbedded the resistance 
method gives the best results. However, thermom- 
eters are always used if possible to supplement this 
method. 

The temperature measurements of the rotating parts 
are made after the machine has come to rest at which 
time thermometers are quickly placed on the commu- 
tator slip rings and armature windings. These readings - 
are taken at intervals of a minute or less until the 
temperature has started to decrease. 

On the larger higher-speed, high-voltage equipment 
such as turbo alternators, the temperature measure- 
ments are made by means of imbedded thermocouples 
or resistance thermometers usually placed by the 
manufacturer. The temperatures of the stationary 
parts, if accessible, are measured by thermometers, or 
thermocouples. 

For investigating temperature conditions in the 
various parts of an underground transmission and 
distributing system, the thermocouple was found to be 
very convenient and adaptable. Tests made on cables 
in manholes, sheath temperature and manhole air 
conditions were made with thermocouple and recording 
thermometers. On low-tension cables, the thermo- 
couple junctions were soldered directly to the sheath. 
On high-voltage cables, the junctions of the thermo- 
couple wire were preferably soldered to small pieces 
of sheet copper about 1% in. by 1 in., and these securely 
held in contact with the sheath of the cable by means 
of small wooden blocks of about the same area. 

The piece of sheet copper increased the contact area 
of the junction, thus insuring that the thermocouple 
junction assumed as nearly as possible the temperature 
of the sheath. The thermocouple junction alone pro- 
duced a very small contact. Due to this relatively 
small volume compared to the size of its own connecting 
leads, the leads may conduct the heat away if they are 
of a lower temperature than the thermocouple in con- 
tact with the cable, which is usually the case. Such 
a condition would result in a lower indication of tem- 
perature than actually existed on the sheath of the 
cable. 

The foregoing point is of general application and it 
has been found necessary to analyze the above effect 
from various angles. As a result, the junctions of the 
thermocouple wire were fitted in special copper slugs 
which have been developed by the test department of 
the New York Edison Company. ‘This slug is shown 
in the insert in Fig. 7. This form was designed primar- 
ily for measurements of duct temperatures which by 
nature do not change rapidly. It is about two inches 
long and 3 of an inch in diameter, with grooves cut 
parallel to the axis so as to give a larger exposed area. 
The slug increased the exposed surface of the couple 
and eliminates any error which may be due to the leads 
conducting heat away from the couple. The increased 
mass of the couple made the measurements of air 
temperature more reliable, in that the couple did not 
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show temperature changes with each slight draft of 
air. The time lag introduced by the increased mass was 
less than one half hour and was considered satisfactory 
for duct temperature measurements. Obviously this 
time constant may be increased or diminished by vary- 
ing the mass and relative radiating surface of the 
terminal. 

Extensive underground temperature surveys have 
been made in duct banks by means of gang-cables of 
thermocouples, approximately 350 feet long. The 
entire gang-cables are built up beginning with a *¢-in. 
steel-wire rope to which the thermocouples are attached. 
The thermocouples fitted with the above mentioned 
slugs are spaced every 30 feet and the pair of leads to 
each one brought back to one end of the cable. All 
the leads are bound with cord about every foot. Four 


layers of tape are wrapped over the entire length to 
protect the cable from abrasion and slight moisture. 


In attaching these junctions on the cable, the copper 
slugs are heat insulated from the steel rope by means of 
a number of layers of tape. In order to make certain 
that the slugs do not come in contact with the duct 
walls, knobs were built up on the cable each side of the 
slug as shown in Fig. 6. 

The complete equipment used with the cable is 
shown in Fig. 7. The thermocouple wires were brought 
back to a dial selector switch which permits any couple 
to be connected to the temperature indicator. 

As this assembly was used throughout the year, tests 
were made on the dial switch and indicator when at 
. different temperatures to determine whether the 
accuracy is influenced. It was found that throughout 
the range of temperature encountered, the precision 
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is within one deg. cent. At extremely low tempera- 
tures, the standard cell in the indicator became unreli- 
able. For freezing weather the standard cell was 
removed to a heavy heat insulated case so it could be 
used for long periods outdoors. 

Based on the experience accumulated in using 
thermocouples and the gang cables, it is felt that the 
general accuracy of temperature measurement which 
should be obtained is within one degree centigrade. It 
will be appreciated that with a new application of 
temperature measuring apparatus such as the gang 
cable, a certain number of practical difficulties may be 
encountered in the field. This has been the case in 
this instance and several sources of error have been 
encountered and eliminated which are recorded here 
for the benefit of others who may desire to attempt 
similar investigations: 

1. Thermocouple wire made by a reputable manu- 
facturer was used at first which had unimpregnated 
cotton insulation between the conductors. It was 
found that this wire readily absorbed moisture of 
various and unknown chemical characteristics, which 
produced galvanic effects and caused errors in the 
temperature readings. Immediately this condition 
was understood, it was corrected by using rubber insu- 
lation around each individual conductor, and also 
around the pair of conductors comprising the thermo- 
couple. 

2. After the gang cables had been in service for a 
considerable period, it was found that breakages 
occurred in the copper conductor near the copper 
slug terminal. Relatively few breakages occurred in 
the constantan wire. These breakages were due to the 
wear and tear in service incidental to pulling the cable 
in and out of ducts. It was exceedingly difficult to 
detect the breakage of the wire since mud and moisture 
from the duct entered the cable and produced galvanic 
action between the conductors at the break near the 
slug terminal. This error has been eliminated by 
substituting a stranded copper conductor for the 
solid copper conductor. Additional protection has 
been obtained by water-proofing the junction between 
the thermocouple insulation and the copper slug 
terminal to exclude moisture from the thermocouple 
wire. 

3. It was found that the insulation ordinarily 
furnished with the thermocouple wire did not satis- 
factorily resist service usage. Accordingly, thermo- 
couple wire was obtained insulated with especially 
durable insulation capable of standing considerably 
more wear and tear than the ordinary rubber insulation 
previously furnished. 


This thermocouple gang-cable has been found very 
useful in plotting the temperatures along a duct bank. 
For analyzing temperatures which might emanate 
internally in the cables lying in the bank or externally 
from steam pipes and other sources of heat outside the 
bank. This gang cable is of such size that it can be 
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used only where an empty duct is available in the 
bank, as it cannot be pulled through a duct already 
occupied by a cable. 


In the morning the cable was pulled into an empty 

duct of a bank so that the first thermocouple extended 
into the next manhole. The manholes were closed 
and readings taken over the peak load period, after 
which time the cable was removed. 
As a check on the accuracy of the thermocouple 
indications, and in order to prevent any discrepancies 
from entering, a thermometer was placed in contact 
with the terminal of the first thermocouple in the far 
manhole. Simultaneous readings were taken on the 
thermometer and thermocouple just before removal. 


; The life of a cable of this character in nearly con- 
tinuous testing service at numerous locations is about 
three months. 


In cases where the space was limited, or it was 
inconvenient to bring out thermocouple leads, the 
maximum indicating thermometer was used. There 
are the two types, namely the Six’s maximum and mini- 
mum indicating and the restricted bore mercury 
thermometer which is only maximum indicating. 
These were placed in junction boxes in the middle of 
streets, where, due to traffic, thermocouples could not 
be used and where on account of the restricted space, it 
was impossible to set recording thermometers. The 
results obtained by these thermometers gave only the 
range of temperature during a load cycle. 


The data and methods given above are intended to 
set forth some of the procedure being used to measure 
temperatures in ‘the general testing work of a large 
public utility. They are advanced with the belie} 
that they will be of value to engineers engaged in 
similar work and will bring out discussions of other 
methods for achieving the necessary test results. 
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By the Lighting and Tlumination Committee 
ULTRA-VIOLET LIGHT 


An article in the May, 1922, General Electric Review 
by Llora C. Krueger entitled, ‘“Ultra-Violet Light, 
Its Uses and Possibilities,” briefly outlines the early 
history of ultra-violet light. Modern theories treat 
radiation as a propagation of energy in’ the form of 
waves which have been shown to vary continuously 
in length from twenty to thirty thousand meters, in 
the wireless region, to the extremely short disturbances 
involved in X-rays. The visible spectrum covers only 
a very short range of these waves, extending from 7600 to 
3900 Angstrom units. Ultra-violet light is produced in 
many ways, but few of them are sources of much 
energy. All artificial light contains more or less 
ultra-violet radiation and the sun emits a continuous 
spectrum of great intensity, but wave lengths shorter 
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than 2950 Angstroms are absorbed by the atmosphere 
to such an extent that very little ultra-violet light 
reaches the surface of the earth. 

Limelight, burning magnesium ribbon, incandescent 
lamps, arcs between metals, spark-gaps and vacuum 
tubes are sources of ultra-violet light but the mercury 
arc in a quartz tube and the magnetite arc are the best 
commercial sources. The flaming are has great pos- 
sibilities owing to the various substances which can be 
incorporated in the electrodes. Ultra-violet light is 
a great accelerator of chemical reactions and readily 
effects the decomposition of alcohols aldehydes, or- 
ganic acids and ketones. Under the action of ultra- 
violet rays, the velocity of reaction is proportional to 
the intensity of the light, but is independent of the 
concentration of the reacting substances. The action 
of the rays appears to be catalytic. Ultra-violet light 
has a strong action in causing fluorescence and phos- 
phorescence, certain wave-lengths being much more 
effective than others. When polished metals are 
exposed to ultra-violet light negative electrons are given 
off and the metal becomes positively charged, if insu- 
lated, and discharged, if already negatively charged. 
This phenomenon is made use of in the photo-electric 
cell. Certain wave-lengths of ultra-violet rays were 
used in a clever signaling device, during our recent war, 
by Dr. Louis Bell, the rays used being invisible except 
through field glasses fitted up to receive them. 

Ultra-violet rays are used for testing the fading 
qualities of dyes toward sunlight. ; 

Much research work has been carried out to test 
the abiotic properties of ultra-violet light. It can be 
used most effectively in treating various skin diseases 
and transparent liquids can be sterilized by ultra-violet 
light acting through thin layers. Young cultures of 
bacteria are less resistance to these rays than older 
ones. 

The numerous experiments carried out to determine 
wherein the destructive action of ultra-violet light lies 
seem to indicate that the deadly action is due to some 
quality inherent in the rays themselves, and not to 
the action of some poisonous substance formed by them. 
Apparently the radiation kills living cells by changing 
the protoplasm of the cells in such a way that certain 
salts can combine with the protein of the protoplasm 
to form an insoluble compound. 

Numerous interesting experiments are being tried 
on the action of ultra-violet light on the development 
of eggs. The protoplasm seems to be altered chemic- 
ally by the ultra-violet light so that it cannot take part 
in the normal development of the organism. Henri 
has shown that there is a minimum value of intensity _ 
of irradiation for minute animals below which they 
do not respond to the action of the rays regardless of 
the duration of irradiation. 

Hasselbalch and Russ have tried interesting experi- 
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ments on the absorptive power of the skin, which was 
found to be very absorbent for rays of wave-length 
between 3000 and 2100 Angstroms. Apparently not 
more than one part in a thousand of this radiation 
penetrates to a depth of half a millimeter in the skin. 
With rays of wave-length 3000-3800 Angstroms, it is 
a question whether as much as 1 per cent of the radia- 
tion penetrates as deep as one millimeter. 


Ultra-violet light is used to test the wearing qualities 
of fabrics which are to be exposed to the weather, 
for instance, in aeroplane wings. It is also used in 
testing jewels since gems exhibit fluorescence in different 
ways depending on their origin. For purifying water 
supplies the rays very successful. In the province of 
pathology, the field of usefulness of ultra-violet rays 
is being constantly enlarged. 


Schumann was the pioneer worker in the spectroscopy 
of ultra-violet rays. Lyman and Millikan have ex- 
tended his work with even greater precision and nicety 
until now there is apparently no gap between the known 
spectral lines for certain of the metals in the extreme 
ultra-violet region and the lines from soft X-rays. 
The spectral lines from hard X-rays overlap those of 
the soft gamma rays so that we have a spectrum of 
accurately determined wave-lengths from the wireless 
region to the gamma rays from radium. All these 
phenomena, though so different in their manifestations, 
whether as wireless waves, visible light, or X-rays are 
considered now as fundamentally of the same origin 
and are the result of the motion of the units of negative 
electricity, the electrons. As our knowledge of the 
extreme ultra-violet region of the spectrum increases, 
its importance in helping us toward a more complete 
understanding of the structure of the atom and the 
nature of radiation becomes evident. 


A resume of the literature since Behren’s biblio- 


graphy published in 1914 is appended to the article in 
the G. E. Review. 


MODERN PRACTISE IN STREET LIGHTING ‘% 


In the paper presented by Earl A. Anderson at the 
Twenty-Seventh Annual Convention of the American 
Society for Municipal Improvements held in Baltimore, 
Md., some months ago, the types of street lighting 
systems most favored at the present time for lighting 
the different sections in cities were described. An 
abstract of the information contained in this paper is 
given in the following paragraphs which show in effect, 
therefore, modern street lighting practise in this country. 

For important business streets in cities, the most 
widely favored method of lighting consists in the use 
_ of single-light ornamental standards mounted at heights 
from 14 to 18 feet and spaced opposite each other at 
distances of 80 to 120 feet. For very narrow streets 
the lamps may be placed on one side only or staggered 
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at the same spacing. An important increase in effici- 
ency is secured by the use of lamps of 600, 1000, 1500 
or 2500 candle power instead of the three, four or five- 
light clusters using small lamps which were the vogue 
before the introduction of the high-powered gas-filled 
incandescent lamp. There is at present a very notice- 
able tendency to depart from the use of the opal ball 
or globe, and to use instead a lantern structure, which 
by many is considered more pleasing in appearance. 

Instead of the single-lamp standards spaced rela- 
tively close together, some cities have adopted standards 
carrying two or even three high-power lamps mounted 
20 to 30 feet above the street and spaced 150 to 200 
feet apart. The resultant effective illumination is not 
greatly different from the more usual arrangement and 
the exceptionally high mountings minimize any 
possibility of glare from the lamps. On the other 
hand, there appears to be much weight on the side of 
those who contend that on business streets the sur- 
rounding brightness of buildings, show windows, etc., 
is such that there is no possibility of serious glare even 
with the large lamp at the lower mounting of 15 to 
18 feet and that the desirable ‘‘white way” effect is 
enhanced by lanterns at these heights spaced 80 to 90 
feet apart. 

The demand for higher levels of illumination on 
business streets has led in some cities to the consider- 
ation of lamp standards carrying two or three 1000 or 
1500 candle power lamps each and spaced no more 
widely apart than previous single-lamp installations. 
It is quite possible that there will be an increased 
development of this tendency, especially in the larger 
cities where the crowds from evening business and 
amusements have become such that in many cities 
“white way” systems, which were installed quite largely 
as an ornamental or advertising feature, are even now 
barely adequate from the standpoint of lighting safety. 

A satisfactory provision for thoroughfares outside 
the business district is an arrangement of lamps of 600, 
1000, or 1500 candle power spaced from 150 to 250 
feet apart, or at a maximum 300 feet. If the street 
is very wide it may be necessary to consider each side 
as a separate street and provide lighting accordingly. 
The mounting height should be 20 or preferably 25 
feet in order to remove the bright light sources farther 
from the line of vision, and also in order to obtain a 
better spread of illumination. In the past, especially 
where there were wooden pole lines on the streets, it 
has been common practise to use a lighting fixture sus- 
pended from a mast arm. The mast arm has the virtue 
of bringing the lamp out over the street surface, thereby 
causing the light rays to clear low hanging foliage of 
adjacent trees. Bringing the lamp over the pavement 
also increases the possibilities of seeing objects by 
silhouette against the bright spot of light beneath the 
lamp or against the bright streak or glint reflections 
from the pavement. 
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A. I. E. E. 38th Annual Convention 
NIAGARA FALLS, ONTARIO 

HE Annual Convention at Niagara Falls this year gives 

promise of being an outstanding success among the many 

notable conventions of the Institute. Centrally located 
between the East and Middle West, and served with ample 
transportation facilities, it is easily accessible to a large body 
of the membership both in the United States and in Canada. 
The location is also one of interest to all Americans and Cana- 
dians, being one of the famous scenic resorts of the world, but 
it holds a particular lure for the electrical engineer on account 
of the wonderful object lesson in the utilization of water power 
which it presents. An opportunity to visit and inspect the vast 
industrial developments which are operated by the power of 
Niagara Falls should prove an inspiration to every member of 
the electrical engineering profession to which these develop- 
ments owe their inception. 

Aside from its advantageous location, the convention will 
present this year an unusually full program of technical papers 
as well as a varied and interesting schedule of inspection and 
pleasure trips, sports, games and other entertainment features, 
which cannot fail to appeal to the interest of all who attend the 
convention. Special provision has been made for the enter- 
tainment of visiting ladies. 

While various Institute activities and excursions have been 
planned to cover the entire week of June 26-July 1, the official 
convention days are Tuesday to Friday, June 27-30, inclusive. 
Monday has been set aside for Conferences, under the auspices 
of the Sections Committee, of Institute officers and Sections 
Delegates, and all members of the Institute who desire to attend 
will be welcomed at these conferences. For Saturday, July 1, 
a visit to Toronto has been arranged, details of which will be 


announced during the convention. 
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TENTATIVE PROGRAM 
Monday June 26 


Meetings under the auspices of the Sections Committee. 
Tuesday Morning June 27 


GENERAL SESsSIoN—10:00 a. M. 


The convention will assemble for address of welcome, general 
announcements, ete., after which the meeting will separate into 
two parallel sessions as follows: 


Srss1on I—10:30 a. m. 


1. The Two-Stage Current Transformer, by H. B. Brooks, 
Physicist, Bureau of Standards, Washington, D. C., 
and F. C. Holtz, Chief Engineer, Sangamo Electric Co. 

2. Three Thousand Tests on the Dielectric Strength of Liquid 
Insulation, by J. L. R. Hayden and W. N. Eddy, both 
of General Electrie Co. 

3. Control of Gaseous Conduction, by V. Bush and C. G. 
Smith, both of Research Department, American Radio 
and Research Corporation. ; 

4. Determination of Temperature of Electrical Apparatus 
and Cables in Service, by E. J. Rutan, Test Department, 
New York Edison Co. 


Srecrion IJ—10:30 a. m. 

The Economics of Direct-Current Railway Distribution 
(with particular reference to the Automatic Substation), 
by L. P. Crecelius and V. B. Phillips, both of Crecelius 
& Phillips, Cleveland, Ohio. 
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6. Light Without Glare, by Ward Harrison, Engineer, National 
Lamp Works, Cleveland, Ohio. 

7. Philadelphia-Pittsburgh Section of the New York-Chicago 
Cable, by James J. Pilliod, American Telephone and 
Telegraph Company, New York. 

8. A Method of Determining Resultant Input from Individual 
Duty Cycles and of Determining Temperature Rating, 
by Bassett Jones, Consulting Engineer, New York. 
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Tuesday Afternoon—2 P. M. 
Four papers will be presented in relation to the Queenston 


hydroelectric plant, as follows: 


9. Queenston-Chippawa Devilopment of the Hydro-Electric 
Power Commission of Ontario, by F. A. Gaby, Chief 
Engineer, Hydro-Electric Power Commission of Ontario. 

10. Description of the 45,000-kv-a. Queenston Generators, by 
B. L. Barns and F. Bowness, both of Canadian General 
Electric Co., Ltd. 
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11. Design of 45,000-kv-a. Generators, Queenston Plant, by: 
R. A. McCarty, Engineering Department, Westing- 
house Electric & Manufacturing Co., and H. U. Harts 
General Manager, Canadian Westinghouse Company. 

12. Features of Main Power House Transformers for Queenston 
Plant, by C. A. Price, Assistant Chief Engineer, Cana- 
dian Westinghouse, and M. E. Skinner, Assistant to 
General Manager, Duquesne Light Company. 

Golf, qualifying round. 


Tuesday Evening—8 P. M. 


President’s Address. 
Reception. 
Informal Dance. 


Wednesday Morning, June 28—10 A. M. 


13. Questions Relating to Standards of Rating, by F. D. New- 
bury, Power Engineering Department, Westinghouse 
Electric & Manufacturing Co. 
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14. Probable Values of Conventional Allowance for A-C. 
Generators Stator Windings, by F. D. Newbury. 

15. Temperature Limits in Large Machines, by P. Torchio, 
Chief Electrical Engineer, New York Edison Co. 

16. Higher Steam Pressures or Pulverized Coal? by WAG 
Scheffler, Manager, Power Department, Fuller Engi- 
neering Co. 


Wednesday Afternoon—2 P. M. 


Visit to the Queenston Development of the Hydro-Electrie 
Power Commission of Ontario. 


Wednesday Evening—8 P. M. 


Lecture on popular subject. 

Lecture on Niagara Falls Plants, by J. L. Harper, suggesting 
the most important features of these plants to be seen by visitors 
on inspection trips. 

Informal Dance. 


Thursday Morning, June 29—10 A. M. 


A group of seven papers will be presented relating to cable 

insulation. 

17. Rating of Cables in Relation to Voltage—Summarized 
History, by the Subcommittee on Wires and Cables of 
the Standards Committee. 

18. Dielectric Losses and Stresses in Relatton to Cable Failures, 
by D. W. Roper, Superintendent of Street Department, 
Commonwealth Edison Co. : 


19. On the Minimum Stress Theory of Cable Breakdowns, by 
D. M. Simons, Standard Underground Cable Co. 


20. Effect of the Composite Structure of Impregnated Paper 
Insulation on Its Electric Properties, by W. A. Del Mar 
and C. F. Hanson, both of the Habirshaw Electric 
Cable Co. 

21. Potential Gradient in Cables, by W. 1. Middleton and KE. W. 
Davis, of the Simplex Wire and Cable Company, and 
Chester L. Dawes, Assistant Professor Electrical 
Engineering of Harvard. 


22. Corona in Air Spaces in a Dielectric, by J. E. Shrader, 
Research Physicist, Westinghouse Electric & Manu- 
facturing Co. 
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23. Action and Effect of Moisture in a Dielectric Field, by 
Delafield Du Bois, Research Engineer, Safety Insulated 
Wire and Cable Company. 

24. Rating of Cables in Relation to Voltage—Bibliography on 
Dielectrics, by D. M. Simons, Standard Underground 
Cable Co., Pittsburgh, Pa. 
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Thursday Afternoon 
Board of Directors’ Meeting. 
Inspection Trips. (See ‘‘Plant Inspections” below) 
Ladies’ Bridge Party 
Music Recital, by Prof. V. Karapetoff 


Thursday Evening—8 P. M. 
Symposium on Engineering Education. 


25. Some Suggestions for Possible Improvements in Methods of 
Engineering Education, by B. G. Lamme, Chief Engi- 
neer, Westinghouse Electric & Manufacturing Co. 

26. Education, by S. E. Doane, Chief Engineer, National 
Lamp Works of General Electric Co. 

27. Principles of Engineering Education, by P. Torchio, Chief 
Electrical Engineer, New York Edison Co. 

28. Better Preparation of Students for Railway Work, by I. C. 
Forshee, Electrical Engineer, Pennsylvania Railroad. 

29. Training for Character, by A. M. Dudley, Manager, 
Automotive Engineering Department, Westinghouse 
Electric & Manufacturing Co. 

30. Some Suggestions Concerning the College Education of an 
Engineer, by Carl Hering, Consulting Electrical Engi- 
neer, Philadelphia, Pa. 


Friday Morning, June 30—10 A. M. 


31. Baltimore Oil Circuit Breaker Tests, by H. C. Louis, Chief 
of Tests, Consolidated Gas, Electric Light & Power Co., 
Baltimore, Md., and A. F. Bang, Testing Engineer, 
Pennsylvania Water & Power Co. 

32. Tests on General Electric Oil Circuit Breakers at Baltimore, 
by J. D. Hilliard, Engineer, General Electric Co. 

33. Tests on Westinghouse Oil Circuit Breakers at Baltimore, 
by J. B. MacNeill, Engineer, Westinghouse Electric 
& Manufacturing Co. 

34. Transmission Line Relay Protection—II, by E. A. Hester, 
Brooklyn Edison Company, R. N. Conwell, Public 
Service Corporation, New Jersey, O. C. Traver, General 
Electric Co., Schenectady, N. Y., and L. N. Crichton, 
Westinghouse Electrical and Manufacturing Company, 
all of Relay Subcommittee of Protective Devices 
Committee. 


Friday Afternoon—2 P. M. 
Golf Finals 
Tennis Finals 
Ball Game 
Afternoon Tea, Country Club. 


Post-Convention Excursions 


Visit to Toronto—Details to be announced at the Convention. 
Visits to Summer Resorts near Niagara—See announcement 
below. 
ENTERTAINMENT 


Athletic Events 


Gortr—Arrangements have been made for a golf tournament 
in three flights at the Niagara Falls Country Club. The first 
flight will compete for the Mershon Cup. The Country Club 
has a high-grade eighteen-hole course and a very attractive 
club house. Golf enthusiasts will be assured of a most delight- 
ful experience at their favorite pastime. 

Tpnnis—A tennis tournament will be conducted on the courts 
of the Niagara Falls Tennis Club, which is situated quite close 
to the Clifton Hotel. There will be competition to suit all 
tastes and under most pleasant conditions. 

BaseBaLL Game—According to custom a baseball game will be 
staged at the latter end of the Convention. The scene of the 
encounter will be in Victoria Park, handy to Convention Head- 
quarters and amid beautiful. surroundings. 
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Ladies’ Entertainment 


Goran Roorn Trie—This trip will be held in the morning and 
will prove most pleasurable to all those who have not previously 


‘ce the Cataract in this way, and scarcely less so to those who 
ave. 


Avro Trre—Another morning will be devoted to an auto trip 
through the surrounding country. The Niagara Peninsula is 
famous for its orchards and vineyards. Though blossom time 
will be past, this beautiful countryside will still present much to 
please the eye. 

Brroer TourRNAMENT—A bridge tournament is being arranged 
for the ladies to occupy one of the spare periods. 

' AFTERNOON TRA aT CountTRY CLiuB—An afternoon tea will be 
given for the ladies at the Country Club on the last day, to fit 
in with the final athletic events and presentation of prizes. 

Dancinac—The usual informal dance will follow the President’s 
Reeeption. Provision will also be made for dancing on one or 
more other evenings. 

Gour For Lapres—Arrangements will be made at the Country 
Club for those ladies who wish to play golf. If a sufficient 
number are interested a competition will be arranged for them. 


Musical Recital 


Professor Karapetoff has kindly consented to treat the music 
lovers as he has on so many previous occasions. He proposes to 
introduce for the first time in public a new five-string cello, which 
he has developed himself. This is an event of unusual signifi- 
cance. 


Special Lecture 


On an evening early in the Convention Mr. J. L. Harper, Chief 
Engineer of the Niagara Falls Power Company, will give alecture 
covering historically the development of power at Niagara and 
its various power plants. It is expected that this lecture will 
greatly enhance the enjoyment to be derived from visits to the 
plant. 

Plant Inspections 


An afternoon will be specially set aside for an inspection of the 
Queenston Power Plant. Arrangements will also be made 
whereby this plant can be seen on other days by those desiring 
more detailed information. Similar arrangements will also be 
made for visits by individuals or groups to any of the other power 
plants on any day of the Convention, within designated hours. 

Detailed information will be available regarding all such visits 
at the registration booth. 


Toronto Entertainment 


The Toronto Section desires to have as many as possible of those 
attending the Convention visit Toronto on Saturday, July Ist. 
Entertainment will be provided. Full details of this invitation 
will be announced at the Convention. 


Post-Convention Trips 


Many popular Canadian summer resorts, such as Muskoka 
Lakes, Georgian Bay, Thousand Islands, and the Saguenay, 
are within easy reach of Niagara Falls, via Toronto. Those 
desiring further relaxation after the Convention should consider 
the possibility of visiting some of these places. If full informa- 
tion cannot be obtained from local passenger agents, the Con- 
vention Committee will be pleased to assist in every way. 
Arrangements should be made in advance so that proper accom- 
modation may be assured. 


HOTEL RESERVATIONS 


The following hotels are available for members attending the 
Convention. Reservations should be made as soon as possible. 
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HOTELS—EUROPEAN PLAN 

Bath Running Water 
Hotel Double | Single |Double | Single 
eC iftones ee aes as Ontario $7.00 $4.00 $4.50 | $2.50 
MHALAV CELE Me. eters det hols orate Ontario 5.00 3.00 3.50 2.00 
IPFOSDECK ee Neto eas New York | 9.00 5.00 6.00 4.00 
Imperiale sires ee New York | 5.00 3.00 4.00 2.50 
Watson House.......... New York | 5.00 up | 2.50 up 3.00 1.50 
Temperance House...... New York ! 5.00 3.50 4.00 2.50 


*Convention Headquarters. 


To those who may wish accommodations in Buffalo the Iroquois, 
Lafayette and Statler Hotels are available. High speed subur- 
ban trains between Niagara Falls, N. Y., and Buffalo leave every 
thirty minutes. Running time fifty minutes. 


Pacific Coast Convention 


VANCOUVER, B. C., AUGUST 8-11, 1922 

The Eleventh Annual Pacific Coast Convention will be held 
in Vancouver, B. C., August 8 to 11, 1922, with headquarters 
at the Hotel Vancouver. This will be ths fourth general meeting 
of the Institute this year, in accordance with the plan adopted by 
the Board of Directors last August of holding four general 
meetings each year. 

The Convention Committee has been appointed by President 
McClellan as follows: John R. Read, chairman, 602 Bank of 
Nova Scotia Bldg., Vancouver; Frank W. MacNeill, Secretary, 
Canadian General Electric Company, Vancouver; C. N. Beebe, 
BE. HE. F. Creighton, T. H. Crosby, J. A. Fletcher, W. W. 
Fraser, J. Muirhead, L. P. Philpot, Frank Sawford, A. 
Vilstrup, and A. C. R. Yuill. This committee is making elabo- 
rate arrangements for the reception and entertainment of the 
members and guests attending the convention. The enter- 
tainment will include excursions and other outings, and several 
social functions. Special diversions will be provided for the 
ladies. 

An interesting technical program has been prepared by the 
Meetings and Papers Committee, and will be announced in the 
July issue of the JouRNAL, in which some of the papers will also 
be published. Advance copies of all the meeting papers will be 
available in advance of the meeting. 

Further details regarding the convention will appear in the 
July JouRNAL. 


Marconi to Address Meeting 


New York. On the evening of Tuesday, June 20, 1922, there 
will be a joint meeting of the New York Section of the A. I. E. E. 
with the Institute of Radio Engineers. The speaker for the 
evening will be Mr. Gughielmo Marconi who will present a paper 
entitled ‘‘Radio Telegraphy.”’ The Institute of Radio Engineers 
will also present to Mr. Marconi its Medal of Honor for his 
pioneer work in the radio field. The meeting will be called to 
order at 8:00 p.m. in the auditorium of the Engineering Socie- 
ties Building, 33 West 39th Street, New York. 


Annual Meeting 


ELECTION OF OFFICERS 

The Annual Business Meeting of the A. I. E. E. was held 
in the Engineering Societies Building, New York, on Friday 
afternoon, May 19, 1922, President William McClellan presiding. 

The annual report of the Board of Directors was presented. 
Pamphlet copies of this report were distributed at the meeting, 
and are available to any other members upon application to the 
Secretary of the Institute. 

The report of the Committee of Tellers on the election of 
officers was presented (printed elsewhere in this issue), and in 
accordance therewith President McClellan announced the 


election of the following officers, whose terms will begin August 
1, 1922: 
PRESIDENT: 
VicrE-PRESIDENTS: 
District No. 1 
District No. 3 
District No. 5 
7 
9 


Frank B. Jewett, New York 


G. Faccioli, Pittsfield, Mass. 
W. I. Slichter, New York 
R. F. Schuchardt, Chicago 


District No. H. W. Eales, St. Louis (Reelected) 
District No. H. T. Plumb, Salt Lake City, Utah 
MANAGERS: 
H. M. Hobart, Schenectady, N. Y. 
Ernest Lunn, Chicago 
G. L. Knight, Brooklyn, N. Y. 
TREASURER: George A. Hamilton, Elizabeth, N. J. 


(Reelected) 

The above, together with the following hold-over officers, 
will constitute the Board of Directors for the next administra- 
tive year:—William McClellan, New York; A. W. Berresford, 
Milwaukee; N. W. Storer, Pittsburgh; C. G. Adsit, Atlanta; 
F. W. Springer, Minneapolis; Robert Sibley, San Francisco; 
F. R. Ewart, Toronto; L. E. Imlay, Niagara Falls; F. F. Fowle, 
Chicago; L. F. Morehouse, New York; Harold B. Smith, Wor- 
cester, Mass.; James F. Lincoln, Cleveland; E. B. Craft, New 
York; R. B. Williamson, Milwaukee; A. G. Pierce, Pittsburgh; 
Harlan A. Pratt, New York. 

The wide geographical distribution of the Institute’s Directors 
is indicated by the fact that twelve states and Canada are 
represented in the above list. 

President McClellan made a brief address regarding the scope 
and condition of the Institute’s activities, in which he pointed 
out the important changes in policy made during the past year, 
with reference to publications, the holding of a limited number 
of general conventions of the Institute each year and the dis- 
continuance of the former monthly Institute meetings, thus 
placing all monthly meetings on the same basis, that is, holding 
them all under the auspices of the Institute Sections. 

DINNER IN THE EVENING 

On Friday evening, twenty-five officers, members of the Board 
of Directors, past-presidents of the Institute and the president- 
elect, met at dinner at the University Club. 

The occasion afforded an opportunity for the officers and past- 
presidents to greet the president-elect, and to discuss informally 
the affairs of the Institute. President McClellan presided, and 
in his opening remarks presented briefly the facts in regard to 
the status of Institute work, and brought up many questions 
regarding policies of the future. Discussion was participated 
in by Past-Presidents Carty, Mailloux, Dunn, Wheeler, Buck, 
Berresford, Townley, Rice and Scott, and by President-Elect 
Jewett. 


A. I. E. KE. Directors’ Meeting 


The regular bi-monthly meeting of the Board of Directors 
of the American Institute of Electrical Engineers was held at 
Institute headquarters, New York, on Friday, May 19, 1922. 

There were present: President William McClellan, New York; 
Past Presidents A. W. Berresford, Milwaukee, Calvert Townley, 
New York; Vice-Presidents W. A. Del Mar, New York, N. W. 
Storer, Pittsburgh; Managers E. B. Craft, Harlan A. Pratt, 
W. I. Slichter, New York, G. Faccioli, Pittsfield, F. F. Fowle, 
Chicago, James F. Lincoln, Cleveland, F. D. New bury, Pitts- 
burgh, Harold B. Smith, Woreester, R. B. Williamson, Milwaukee; 
Secretary F. L. Hutchinson, New York. 

Upon the recommendation of the Board of Examiners, the fol- 
lowing action was taken upon pending applications: 177 Students 
were ordered enrolled; 187 applicants were elected to the grade 
of Associate; 15 applicants were elected to the grade of Member; 
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1 applicant was elected to the grade of Fellow; 11 applicants ° 


were transferred to the grade of Member; 4 pula were trans- 
ferred to the grade of Fellow. 


cieeeanion’ 
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Approval by the Finanee Committ i 
ing to $23,005.83 was ratified. eo ede an 

Mr. C. E. Skinner, A. I. E. E. representative on the Executive 
Committee of the American Engineering Standards Committee, 
ee in person the proposed plan of cooperation of the 

.E. S.C. with the Department of Commerce in the Department’s 
contemplated campaign for the simplification of manufactured 
products, as requested by Secretary Hoover of the Department 
of Commerce in a letter to the A. E. 8. C. dated May 4, 1922. 
After a brief discussion it was voted that the subject be referred 
to the technical committees for consideration and recommendation 
as to simplification that could be done in the particular field 
covered by each committee; that the committees be requested 
to report prior to the next meeting of the Board, schedules to 
be held during the Annual Convention in June; and that the 
A. 1. E. E. representatives on the American Engineering Stand- 
ards Committee act as a coordinating committee to prepare 
a comprehensive report of the recommendations of the technical 
committees, for presentation to the Board of Directors. 

A report to the Board of Directors was presented from the Sub- 
committee on Translation into Foreign Languages, of the 
Standards Committee, advising that negotiations have been 
entered into for the translation of the next revision of the A. I. E. 
E. Standards, when completed, into the Spanish language, the 
translation to be financed by the Bureau of Standards, printed 
by the Department of Commerce, and distributed by the Govern- 
ment at a nominal charge, and requesting the Board’s approval 
of this procedure. It was voted that the translation of the 
Institute Standards under the terms specified in the Sub- 
committee’s report, be authorized. 

Annual reports of the Board of Directors, the Treasurer, and 
various standing committees, were presented and accepted. 

In accordanee with Section 37 of the Constitution, the ap- 
pointment of a Secretary was considered, for the administrative 
year commencing August 1, 1922; and Secretary F. L. Hutch- 
inson was reappointed. 

Upon the recommendation of the Sections Committee, 
authorization was given for the organization of a “Southern 
Virginia Section’’ of the Institute, to include Richmond and 
all the southern portion of Virginia. 

Authorization was given for the establishment of a Student 
Branch at Marquette University, Milwaukee, as recom- 
mended by the Committee on Student Branches. 

Professor Charles F. Scott was reappointed a representative 
of the Institute upon the Commission of Washington Award, 
for the term of two years ending June 1924. 

A report was read, and ordered received and filed, from Mr. 
C. E. Skinner, A. I. E. E. delegate to the Conference on Engi- 
neering Education held at the Carnegie Institute of Technology, 
Pittsburgh, May 1-2, 1922. 

Reference to other matters discussed may be found in this 
and future issues of the JouRNAL under suitable headings. 


Board of Directors’ Report 
FOR THE YEAR ENDING APRIL 30, 1922 


The Annual Report of the Board of Directors of the A. I. E. E. 
was presented at the Annual Business Meeting of the Institute 
held in New York, Friday afternoon, May 19, 1922. 

This report consists of a brief summary of the principal activi- 
ties of the Institute during the year, including abstracts of 
various reports submitted by officers and committees, covering 
their respective branches of work. The more important mat- 
ters referred to in the report have been, or will be, covered in 
much more detailed form in the Journat, and therefore the 
report will not be published in full herein, but any member of 
the Institute may obtain a pamphlet copy upon application to 
the Secretary of the Institute. eke: 

The growth in Institute membership during the year 1s indi- 
cated in the following tabulation: 
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Honor- 
ary Asso- 
Member | Fellow |Member ciate Total 
Membership, April 30, 
DO 2 SOEs ry Meme ane Mil eaeact 6 541 1,903 10,765 | 13,215 
Additions: 
Mramsferrvedsnre eerste vs 23 146 
New Member Qualified i il 114 1,646 
Reinstated.....4...5... 2 9 39 
Deductions: 
IDIOM it ponerse sus'syehe orev 1 5 itil A5 
PCOREZNIGOL: tsi lieteccie ee 3 20 187 
Transferred). si. dhe > 14 155 
IDtoy oper. Aes o ania ale pS 30 461 
Membership, April 30, 
eaten rovictetsRelc tenia, eee mntys 6 558 2,097 11,602 14,263 
Net increase in Membership during the year..........++..+-++-- 1048 


The activity of the Sections and Branches during the year, 


-and the growth in the number of these organizations, also in 


the number of meetings held by them and in the aggregate at- 
tendance, are shown in the following statement: 


For Fiscal Year “Ending 
May 1| May 1 { May 1 | May 1| May1| May1 | Mayl 
1916 1917 1918 1919 1920 1921 1922 
SECTIONS 
Number of 
Sections... 32 32 34 34 36 42 45 
Number o f 
Section 
m e e tings 
HelG etc 251 265 245 217 262 303 373 
Total Attend- 
@NGCEaacinns 28,553 | 31,299 | 34,614 | 25,837 | 30,741 | 37,823 54,378 
BRANCHES 
Number o f c 
Branches... 54 59 59 61 62 65 67 
Number o f 
Branch 
m e e tings 
eldiwaechere 360 368 268 156 360 443 439 
Attendance...| 15,166 | 16,107 10,683 6,441 | 16,827 | 21,629 | 25,358 


The Finance Committee’s Report, together with the general 
balance sheet and detailed financial statements of the Certified 
Public Accountants who audited the Institute books, are included 
in the report. These statements show that the total income of 
the Institute during the year was $246,470.87, and the surplus 
for the year was $7,180.60. 


Report of Committee of Tellers on Election 
of Officers 


To the President, 
American Institute of Electrical Engineers. 
Dear SIR: 
This committee has carefully canvassed the ballots east for 
officers for the year 1922-1923. The result is as follows: 
Total number of ballot envelopes received........ 
Rejected on account of bearing no identifying name 
on outer envelope, according to Art. VI, See. 34, 
Of the ConstiiltlON, . 9-2 hee ee 59 
Rejected on account of voter being in arrears for 
dues on May 1, 1922, as provided in the Con- 
stitution and By-laws....-.-.--++++sssssccrt: 179 
Rejected on account of ballot not being enclosed in 
inner envelope, or being improperly marked, or 
on account of inner envelope bearing an identify- 
ing name, according to Art. VI, Sec. 34, of the 
GanstivuliGn Mracccnreors oe ween ese 
Rejected on account of having reached the Secre- 
tary’s office after May 1, according to Art. Wik, 
See. 34, of the (GhrTVAGUNNOIl., oo oanodoononcour 
Leaving as valid ballots.......--+-++ss+-2e000? 


5631 
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These 5175 valid ballots were counted, and the result is 
shown as follows: 
For PRESIDENT 


ranka Berd Ow el tetreds Scat miatine eich cia Lite mike 4641 
2S Harleva OSPOOC ence ers vs serer vale. tutors as) Sete eu oun oh 475 
13 Lar eee tee teu Ae, teresceew ay ewcrstetencueyti ee choke cute Was oh ate 59 
For Vick-PRESIDENTS 
District 
No. 1. North Eastern 
GRR ACCOli Memes RU atone aio Oven AO ZO: 
ABA W oll kee se Art cera Rr ax Sie Wein ee arenas Sy A 255 
No. 3. New York City 
WALLS SIIChiGrete nee omaateey yah kane aes eee OUD 
Blanc id pees nk. ae ee AS. ae teem <n Ae 310 
No. 5. Great Lakes 
18h, UD SION orae an op es ee an eu po vmene, CHAU 
(CDS ET all ea ree ee ee ee, Ai iran tanne ae 674 
SG Par kerma cee coe Sate Meike sae ee oe 105 
Banik eee iach ee eee het ae he 181 
No. 7. South West 
EL Wi Wales tamisnge te ee eee ee 4808 
HOME Wall ei, eae SON Se SaiteN So ON a brs eta ns ace ea 367 
No. 9. North West 
SEP im beet y eea bya Site ee we. oocrs 4226 
Gi, 1OG OMENTY. 68 35 oh ee A eee don kaos 733 
ES Le. crrreeneetaen sie eee ee et Sec SERS. a Meise? aeclbeatccoe 216 
For MANAGERS 
Eee PEO DAG ees eee ear har eee cae Res ein ey Ray 
Dea BTEC 5 Co SES ake sy ete oe Ee oe 4784 
Gre rem er OL Reeee SO ne Anite ce nclekeue Rien cusese eae nan cieed OO 
ATT ANI NY COTE Veh ent oe o Geeeant a reeks one eo oletcto can thc ee ec cate 202 
GS WIIG) OWielleabr oe Pee ie ties cue a ehh win bet REE IE ae tcond 607 
[evkehcilter the PRE: An eee ene 445 
For TREASURER 
GeorcomAee ela mil Gone earnest onks fate eee eRe OO 
TRY Wil: 5, 6 crciear Ap aicyee Meee erect Olle 190 


*Candidate withdrew prior to printing of ballots. 
Respectfully submitted, 
J.B. Bassett, Chairman R. R. Kime 
Witiram V. Howarp S. D. Kutner 
Wm. HeruEeriInetTon, Jr. EH. HE. Dortine J. D. 
EK. A. Hester Committee of Tellers. 


Frank B. Jewett 
PRESIDENT-ELECT OF THE A. If. E. E. 

Frank B. Jewett has been elected president of the American 
Institute of Electrical Engineers for the year beginning August 
1, 1922, as announced in the report of the Committee of Tellers 
published elsewhere in this issue. Dr. Jewett, although just 
reaching the prime of life, has long since been recognized both at 
home and abroad as one of the foremost telephone engineers of 
our time. 

He was born in 1879 at Pasadena, California, and in 1898 
was graduated from the Throop Polytechnic Institute, now the 
California Institute of Technology. From the University of 
Chicago, where he spent some years as research assistant to 
Professor A. A. Michelson, he received the degree of Ph. D. 
Later he was instructor in physics and electrical engineering 
at the Massachusetts Institute of Technology, and in 1904 
joined the staff of the American Telephone and Telegraph Com- 
pany. In this position, Mr. Jewett worked in a field in which 
his brilliant attainments and fundamental scientific training 
qualified him admirably for the practical engineering work and 
scientific development and research which he was called upon to 
do. 


In all of the remarkable developments in the telephone art 
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which have taken place in the last fifteen years and which include 
the establishment of the transcontinental telephone line, and 
talking for the first time by radio across the Atlantic, Dr. Jewett 
has been actively concerned, and because of his scientific skill 
and administrative abilities, his contributions to these and 
many other notable achievements have been of the first order. 

In 1912, Mr. Jewett became assistant chief engineer of the 
Western Electric Company, and in 1916 was made chief engineer, 
having charge of the research laboratories, which carry out the 
experimental work for the Bell system; he also had supervision 
of all the engineering work required in connection with the 
manufacturing activities of the Western Electric Company. 
These laboratories are the most extensive of their kind, employing 
hundreds of workers and scientists whose activities cover the 
entire range of telephone development. 

He is now vice-president of the Western Electric Company, 
and his duties have been extended to include the supervision 
of all the manufacturing operations of that company in America, 
together with the direction of its sales and the distribution of 
its manufactured product. 


FRANK B. Jpwert 


At the outbreak of the war Dr. Jewett volunteered for service 
in the Army and was immediately commissioned as Major in 
the Signal Corps, and placed in charge of the development of 
numerous scientific devices for the use of the Signal Corps. 
Prominent among these was the radio telephone, for use in 
connection with aircraft. He served as a member of the Anti- 
Submarine Board of the U. 8S. Navy, and took a notable part 
in the development of methods and apparatus for combating 
the submarine activities of the enemy. He was promoted to 
the grade of Lieutenant-Colonel, and for his service in the Army 
and his other war activities he received from the United States 
Government the Distinguished Service Medal. 

He is the author of numerous scientific and engineering papers, 
and is one of the foremost among those who have done so much 
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to advance electrical engineering to its present high standing 
among the learned professions. 

Dr. Jewett is a Fellow of the Institute, having joined in 1903. 
He has served the Institute as manager, vice-president, member 
of the Executive Committee and as an active Gorter on some 
of its other important committees. He represents the Institute 
on the Board of Trustees of the Engineering Foundation and is 
chairman of the General Advisory Board on Electrical Engineer- 
Re of the Engineering Division of the National Research Coun- 
cil. 

He is a director of the Western Electrie Company, Inc., and 
of the International Western Electric Company, Ine.; vice- 
president of the Manufacturers’ Junction Railway; and past- 
president of the New York Telephone Society. He is a member 
of numerous scientific societies, including the National Academy 
of Sciences, the National Research Council, the American 
Physical Society, and the American Association for the Advance- 
ment of Science. 


Appointment of Former Enlisted Men as 
Officers of Engineer Reserve Corps 


During the early months of our participation in the World 
War, there were many engineers and others of known education, 
ability, and experience who waived the opportunity to obtain 
commissions and enlisted in the engineer regiments that were 
being recruited for immediate service in France. Thus it 
happened that in many of these regiments a large proportion 
of the rank and file were graduates of colleges or technical schools, 
with all the qualifications requisite for engineer officers. In 
the event of a future emergency such men by reason of their 
professional accomplishments combined with their military 
experience would be of inestimable value as engineer officers, 
and while it is true that they would come forward in time of 
need, even though not enrolled in the Reserve Corps, their 
value nevertheless would be greatly enhanced should they accept 
commissions now, for by this means they would keep in touch 
with military developments. 

The present project for six volunteer field armies for the Na- 
tional Defense calls for an ultimate strength of 9000 engineer 
officers. The present total, including Regular Army, National 
Guard, and Organized Reserve, is less than 4000. It is the 
policy of the War Department to enroll in the Engineer Section 
of the Officers’ Reserve Corps those who served as enlisted men 
during the late war, provided that they have the technical quali- 
fications to warrant such appointment. They will be appointed 
in grades commensurate with their positions and responsi- 
bilities in civil life. Men of this type can be enrolled in the 
higher grades without affecting in any degree the appointment 
as Second Lieutenants of the young and inexperienced graduates 
of the R. O. T. C. units of our universities. 

In considering applications of enlisted men for commissions 
in the Engineer Reserve Corps, examining boards will exercise 
a wide discretion and will give great weight to professional and 
technical ability rather than a detailed knowledge of military 
regulations. Candidates for appointment will be expected to 
demonstrate by their past achievements and present worth that 
they have the capacity to adapt themselves to the military 
system should occasion arise, but they will not be rejected 
because of present unfamiliarity with military subjects alone. 
Officers so appointed will be given an opportunity to receive 
the necessary instruction in military subjects before they are 
called upon for actual service in their grades or before they are 
eligible for promotion to the next higher grade. : 

Detailed information may be had by writing to the Chief 
of Engineers, Washington, D. C., or to the Corps Engineer at 
the Headquarters of any of the nine Corps Areas into which the 


country is divided. 
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Citizens’ Military Training Camps 

Citizens’ Military Training Camps are to be conducted by 
the War Department during the period from Aug. 2 to 31, 1922. 
Indvidual camps will be established for infantry, cavalry, coast ar- 
tillery, field artillery, signal corps and engineers, the latter at Camp 
Dix, N. J. The camp will be divided into three courses accord- 
ing to age and previous military experience, if any. Age limits 
vary from 17 to maximum of 35. The government will pay the 
expenses of those attending, including transportation. Too 
much emphasis can not be attached to these camps, as they are 
the only direct connection between our present inadequate force 
and the general public. Those attending the engineers’ camp 
will receive splendid elementary instruction in engineering along 
with thirty days of healthful outdoor life. Complete informa- 
tion may be obtained by addressing, Recruiting Adjutant, 
Second Corps Area, Governors Island, N. Y. 


Addresses Wanted 


A list of members whose mail has been returned by the Postal 
Authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to com- 
municate with the Secretary at 33 West 39th Street. 


1.—C. B. Andrews, ¢/o Mrs. G. F. McKay, Box 35, Ben Lo- 
mond, Calif. 


2.—Eugene A. Baerer, Box 253, Kenvil, N. J. 
3.—F. J. Coffey, Alaska Gastineau Mining Co., Perserverance 
Mine, Thane, Alaska. 

4.—Waldo C. Cole, 410 Mills Bldg., El] Paso, Texas. 

5.—O. A. Darnell, 409 East 5th St., Los Angeles, Calif. 

6.—John F. Donohue, 45 2nd St., Newark, N. di 

7.—Edward F. Doyle, ¢/o Nat’! Conduit & Cable Co., Hastings- 

on Hudson, N. Y. 

8. M.V. Eardley, P. O. Box 664, Long Beach, Calif. 

9. Earl V. Edkins, 5827 Trinity Place, W. Philadelphia, Pa. 
10.—F. W. Erikson, 214 University Club Bldg., St. Louis, Mo. 
11.—Victor R. Fisher, U. 8. Sumbarine Base, Coco Sols, Canal 

Zone. 
12.—Frank Hempton, P. O. Box 431, Gallup, N. M. 
13.—Leonard Knowles, 411 South 56th St., Philadelphia, Pa. 
14.—Wen Siang Lu, Y. M.C.A., Lynn, Mass. 
15.—R. W. Seem, 633 West 74th Street, Los Angeles, Calif. 
16.—J. Hubert Shanhan, 527 Morris Ave., Elizabeth, N. J. 
17.—F. W. Smith, 500 Todd St., Wilkinsburg, Pa. 
18.—Theo. V. Tillinghast, ¢/o Plano Toy Co., Plano, Ml. 


National Exposition of Chemical Industries 
NEW YORK, N. Y., SEPTEMBER 11-16, 1922 

The Kighth National Exposition of Chemical Industries will be 
held in the Grand Central Palace, New York City, during the 
week of September 11 to 16 inclusive. It will follow immedi- 
ately upon the Fall Meeting of the American Chemical Society. 
“Raw Materials, Machinery, Products’’ is the way the Exposi- 
tion is described and is in tended to carry this main impression. 
The raw materials are exhibits of the natural resources from out 
of the earth and above the earth. The machinery exhibits 
consist of apparatus and equipment and instruments for control, 
precision, recording, gaging, measuring, and machinery for 
every mechanical operation in the manufacture of products from 
the raw materials. The products themselves are the finished 
products and the exhibits will contain those of organic, and in- 
solid, liquid or gaseous form, and of every 


organic origin, of 
Many new things upon which manufacturers 


conceivable nature. 
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were working when the War ended and which have been since 
more leisurely perfected, will be shown for the first time. 

The program of the exposition has been outlined and it may be 
expected to compare fully with the high standards of the preced- 
ing expositions. As has been the custom there will be exhibits 
of motion pictures covering all phases of the chemical industries 
and the exposition will hold many interests for every visitor. 

The office of the managers, Charles F. Roth and Fred W. 
Payne, is in the Grand Central Palace, New York City and in- 
quiries should be directed to them there. 
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EMPLOYMENT COMMITTEE 


The Committee on Procedure of American Engineering Coun- 


cil has approved the following appointments by President 
Mortimer E. Cooley to the Employment Committee: EH. S. 
Carman, Cleveland, chairman; W. J. Fisher, York, Pa.; W. HE. 
Rolfe, St. Louis; Boyd Fisher, Boston; Clayton Pike, Phila- 
delphia. 


PITTSBURGH MEETING, MAY 26-27, 1922 


The Executive Board of the American Engineering Council 
of the Federated American Engineering Societies held a very 
encouraging meeting in Pittsburgh on May 26 and 27. The 
board members reported organized engineering conditions in 
their respective regions, and the conclusion was reached that the 
Federation had progressed to the point where its permanence 
and growth were assured. President Mortimer E. Cooley 
who presided over the meeting, said that everywhere on his 
recent trip throughout the country it was evidenced that the 
Federation idea was growing, and that substantial additions to 
the membership might be expected in the near future. 

The sessions were held in the rooms of the Engineering Society 
of Western Pennsylvania at the William Penn Hotel. The mem- 
bers of the board were guests of this society at a dinner on 
Friday evening, May 26, and on Saturday evening were enter- 
tained at dinner by the engineering alumni of the University of 
Michigan. 

Registration of engineers, employment, federal water power, 
government reorganization and reforestration were among the 
leading topics disposed of by the board after discussions more 
thorough and more inspiring than at any board meeting yet 
held. 


REGISTRATION OF ENGINEERS 


One of the most important acts of the board was the adoption 
of the report of the Committee on Registration of Engineers. 
The report as adopted contains the statement ‘‘that the reasons 
which justify the registration of engineers responsible for public 
works do not apply to mining engineers.’”’ It follows: 


In considering matters of government as affecting the engineering pro- 
fession of the United States, the ancient principle which states ‘‘that 
country is governed best which is governed least,’’ has been accepted by 
your committee as representing ideal conditions, and it holds that in an 
ideal social organization, where man can be left free to follow the trend 
of his individual bent without resulting injury to his fellow, each should 
be free to follow such calling as he may adopt, without state interference 
or regulation. 

Engineering in the United States under absolutely untrammeled condi- 
tions in the past, has developed effective skill and a high degree of con- 
structive ability among its practitioners, during which period the provisions 
for safety have been adequate under average conditions, and the failures 
which may have occurred have not been rated serious enough to demand 
legal control. 

Within the past few years, however, a widely supported movement has 
appeared, resulting in the passage of laws requiring licensing or registration 
of engineers in various states and attempts at similar legislation in others. 
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American Engineering Council 
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Journal A. I. E. E. 


The Institute of Radio Engineers 


MEETING IN NEW YORK, JUNE 7, 1922 


Members of the A. I. E. E. are invited to attend a meeting 
of the Institute of Radio Engineers on Wednesday evening, 
June 7, at 8:15 p.m., in the Engineering Societies Building, 
29 West 39th Street, New York City. A paper on ‘‘The Super- 
Regenerative Method of Amplification” by Mr. Edwin H. 
Armstrong will be presented, and a new and interesting system 
of reception will be explained and demonstrated experimentally. 


3 


‘ s 

It is, therefore, a condition and not a theory which is before the engineer- 
ing profession for consideration, and the F. A. E. 8. should decide whether 
it will lend the weight of its advice upon principle only or will accept and 
travel with tendencies. 

The registration or licensing of engineers with consequent elimination 
from practise of all not registered, can be supported upon only two grounds: 

(a) The benefit of the profession 

(b) The good of the public 

Your committee has grave doubts whether licensing can benefit the pro- 
fession enough to justify the cost and annoyance of the proposed measure. 
Further, your committee holds it would be beneath the dignity of engineers 
to fence themselves against qualified competition by the artificial barrier 
of a statute. 

Your committee, while recognizing that required registration might not 
have been recommended ab initio believes that the plan has now reached 
such development as to deserve consideration and possible direction by the 
F. A. E. S. (or A. E. C.). 

Therefore 

Your committee recommends to the A. E. C. (F. A. E. S.) an expression 
of opinion that such legislation may properly cover engineers and architects 
charged with responsibility for public works. 

Your committee is agreed that the reasons which justify the registration 
of engineers responsible for public works do not apply to mining engineers. 

Your committee is unable to agree as to the wisdom or unwisdom of 
registration of engineers engaged in other classes of work. 

Registration laws should provide reciprocity of registration admitting 
to practise engineers registered in other states and should further provide 
for the admission to practise of properly accredited engineers from states 
having no registration laws. 


Registration laws should provide for classified registration, that the 
certificate may indicate those branches of engineering in which the regis- 
trant is qualified to practise. 


EMPLOYMENT SERVICE 


It was decided that the employment service which is now 
maintained by the Council in New York would be turned over 
to the administration and control of the four Founder Societies. 
The Employment Committee of the Council is to go on with its 
investigation of the employment question, and to: study the 
possibility of coordinating existing and local employment services 
with a big national service. 

Improved business conditions reflected by the employment 
situation nationally among engineers were reported by Executive 
Secretary L. W. Wallace of Washington. 


Water Power ProBpLeM 

The federal water power situation is in a critical condition, 
making immediate constructive action by the government 
necessary in order to conserve the public interests. The board, 
after a thorough discussion of the problem, adopted a resolution 
directing the Committee on Water Power to place before Presi- 
dent Harding the facts of the situation. The board’s action at 
this time, it was stated, was prompted by the ‘Federal Water 
Power Commission’s lack of effective and permanent personnel.”’ 


Forpst CONSERVATION 
A national movement to conserve the nation’s forests, in 
which engineers, the U. S. Forestry Service, the forestry services 


of the states, universities and technical schools, and other groups 
such as the farmers, the railroads and lumbermen, shall pool 
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their efforts, was set in motion by the engineers. The work will 
be in charge of the Reforestration Committee of the Council. 
Moving picture interests will be asked to aid in arousing popu- 
a Se in ah Ie of saving the nation’s forests and a con- 
ence to bring this about is i 
prec boos: planned between Will H. Hays and 
Reports on the forestry situation in various states were 
received, President Cooley asserted that there were 85,000,000 
acres in the United States that were fit only for wood and iat 
there were 245,000,000 acres partly fit for wood. In Georgia 
Alabama, South Carolina, Mississippi, Louisiana, eeanene 
and Texas, he said, there was an area equal to Georgia, Alabama 
and Mississippi once occupied by forests now denuded and of 
which only 20 per cent are now available for agriculture. 


Froop ContTrou 


The national problem of flood control was described as of 
vital importance, and it was decided to cooperate with other 
agencies in finding a solution, involving the establishment of a 
national hydraulic laboratory. The recent disastrous floods 
along the Mississipp* caused the question to be brought before 
the engineers. Senator Ransdell of Louisiana and John R. 
Freeman of Providence, R. I., it was announced, are at work 
devising general plans upon which a comprehensive investigation 
of the whole problem may be based. 


STANDARD F'orMS OF CONTRACTS 


The board voted continued cooperation with the numerous 
organizations interested in types of government contracts. A 
study was directed of a proposed form of universal contract 
agreement as applied to railroad construction and drafted by a 
joint conference on standard construction contracts. 


GOVERNMENT REORGANIZATION 


The board pledged its support to President Harding in his 
plan of government reorganization. In adopting the report 
of its Committee on Public Affairs the board determined, in the 
event of the failure of the President’s efforts to bring about 
greater economy and efficiency in national affairs by a regroup- 
ing of federal functions, to press independently a nationwide 
movement for the establishment of a Department of Publie 
Works. 3 


Work Periops In Continuots INDUSTRIES 


The Council’s Committee on Work Periods in Continuous 
Industries reported much progress in a national survey of the 
two-shift day in American industries. This survey, called the 
most extensive of its kind ever made, has been in progress for 
more than a year, and purposes an exposition of industrial con- 
ditions which shall form a basis for establishing the relative 
merits of three shifts of eight hours each and two shifts of twelve 
hours each. An enormous amount of data has been accumu- 
lated in various industries, and the board voted to refer it to the 
Committee on Procedure, which will direct the work of putting 
the material contained in the findings into shape for publica- 
tion. The gathering and preparation of this material in form 
available to the general public was declared to be one of the most 
momentous tasks ever carried on under the auspices of American 
engineering. 

The steel industry came in for consideration, and it was 
announced that progress is being made in an investigation to 
determine methods of converting steel plants in engineering 
aspects as to metallurgy and production from two to three 
shifts. Approval of Bradley Stoughton of New York, formerly 
secretary of the American Institute of Mining and Metallurgical 
Engineers, as director of this field study was voted by the Exec- 
utive Board. 

SurvEY-oF Business CYCLES 

Successful accomplishments of the study of business cycles 
conducted by the Council with the assistance of 150 engineering 
groups and in cooperation with the Department of Commerce 
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were reported. The data gathered are now being compiled in 
Washington and will be available to further the plans of the 
President’s Committee on Unemployment in its study of cyclical 
depressions. 

OrHER MaATrEers 


Jurisdictional awards in labor, patent legislation, an Inter- 
national Engineering Congress, aerial research, engineering 
representation on the Civil Service Commission, foreign rela- 
tions, waste in agriculture and plans for more intensive engineer- 
ing organization, as proposed by Herbert Hoover, were other 
topies before the Council, which contemplates closer and more 
active cooperation with the Federal government in public ques- 
tions involving engineering experience. 

The National Board for Jurisdictional Awards was strongly 
upheld, Executive Secretary Wallace of the Council declaring 
that it is one of the fundamental bases upop which the rehabili- 
tated building industry for the future must rest. 

A report from the Patents Committee of the Council headed by 
Edwin J. Prindle of New York voiced opposition to the Stanley 
and Ladd bills as detrimental to American invention and in- 
dustry. 

Next Meeting 1n Boston 


The Executive Board, after declaring its readiness to serve 
in the public interest wherever engineering experience was 
involved, adjourned to meet in Boston in the fall, the date to be 
fixed by the Committee on Procedure. 


Personnel Research Federation 


The Personnel Research Federation organized a year ago 
under the auspices of the Engineering Foundation and the 
National Research Council to coordinate the efforts of the 250 
scientific, engineering, labor, management and educational 
bodies which are studying personnel problems in the United 
States today, reports a year full of progress. The primary 
object of the organization, to act as a clearing-house of informa- 
tion for the various agencies carrying on investigations in person- 
nel work, and to bring these agencies together for interchange of 
ideas, so that they might be of mutual benefit to one another, 
and avoid duplication of effort, was greatly furthered by a survey 
of the existing agencies, describing their scope, methods and 
activities, made by J. David Thompson, and issued as a bulletin 
of the U. S. Bureau of Labor Statistics. 

During the winter months following the preliminary con- 
ference which had brought the organization into being, iDke. 
W. V. Bingham of the National Research Council and Alfred D. 
Flinn, secretary of the Engineering Foundation, took steps 
to find out how many groups would be interested in joining a 
permanent organization, and after this preliminary survey a 
second conference was called on March 15, 1921. At this 
conference the National Research Council, the Engineering 
Foundation, the American Federation of Labor, Bryn Mawr 
College, the Bureau of Industrial Research, Carnegie Institute 
of Technology, the National Committee for Mental Hygiene 
and the University of Pennsylvania became charter members. 

The first annual meeting was called in November 1921, in 
Washington, and was attended by fifty persons, twenty-five 
of whom represented memberships in the Federation. Two 
new active memberships were Dartmouth College and the 
Bureau of Vocational Information. The U. S. Bureau of Labor 
Statistics, the U. S. Bureau of Mines, the U. S. Civil Service 
Commission and the U. 8. Public Health Service had become 
cooperating members, as well as Harvard University, Northwes- 
tern University and the University of Chicago. 

Since this general meeting, the central office has been continu- 
ing its efforts to make the Personnel Research Federation an 
organization of real service. It has been attempting to secure 
funds for a more permanent establishment and for furthering 
certain specific inquiries. It has arranged for the publication of a 
Monograph Series to provide an outlet for the work of the active 
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members and other researches of importance. The earlier 
numbers will deal with job analyses and occupational deserip- 
tion, in studies aiming at the development of a technique of 
occupational description and the establishment of a standard 
occupational terminology. 

Another enterprise of the central office is the Journal of Per- 
sonnel Research, the first issue of which appeared in May. 
This number contained the following articles: ‘‘Reasons and 
Plans for Research Relating to Industrial Personnel,’’ by Presi- 
dent Angell of Yale University; ‘‘Development of Personnel 
Research Federation” by Alfred D. Flinn; and ‘“‘Basic Experi- 
ments in Vocational Guidance,’ by C. 8. Yoakum. Saynuel 
Gompers will contribute an article on ‘“‘Cooperation of Workers 
in Study of Industrial Personnel Matters,’’ in an early issue 
and others promised are, ‘Intelligence of Pclicement” by L. L. 
Thurstone; ‘‘What is Personnel Research?’’ by Robert M. 
Yerkes. 

Some idea of the problems which Federation members are 
attempting to solve may be gathered by this list of studies in 
which various organizations are engaged this year: Job analyses 
of managers; interest analyses, will-temperament traits and voca- 
tionai aptitudes; selection, training and supervision of salesmen; 
women in chemistry; studies in hygiene and safety in a variety of 
industries. 


American Engineering Standards 
Committee 
SURVEY OF SIMPLIFICATION NEEDS UNDERTAKEN 

At the request of Secretary Herbert Hoover, of the Depart- 
ment of Commerce, the American Engineering Standards Com- 
mittee will undertake at once a canvass to determine what sim- 
plification in manufactured products is most needed and most 
desirable. This canvass will be conducted through the engi- 
neering and technical bodies having representatives on the Com- 
mittee or cooperating in its work. The survey of simplification 
or standardization needs and possibilities will extend into almost 
every industry in America. 

What relationship should exist between the simplification 
work of the Department of Commerce and the standardization 
work of the American Engineering Standards Committee has 
been the subject of considerable discussion. It is clear now 
that there will be no duplication or overlapping. There seems 
to be general recognition of the fact that simplification of pro- 
duct and improvement of process are to a large degree only 
other words for standardization; that they are standardization 
put to work. 

The executive committee of the A. E.S. C. has, by resolutions, 
pledged the cooperation of the committee to the Department 
of Commerce. Representatives of the committee recently 
held a conference on the subject with Mr. Hooverat Washington. 
Subsequently an arrangement was made for permanent exchange 
of representatives between the two organizations so that there 
may be the closest possible cooperation between the Commerce 
Department’s division of simplified practise and the American 
Engineering Standards Committee. 
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EK. H. Fuars has left the Western Electric Co., New York, 
and will teach in the Georgia School of Technology, Atlanta. 


Exsert G. ALLEN, of the Philadelphia Rapid Transit Com- 
pany, has been appointed chief engineer of that company. 


Anson W. Burcuarp, a vice-president of the General Electric 
Company, has been elected vice-chairman of the Board of Di- 
rectors of that company. 
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J. R. Lovesoy, a vice-president of the General Electric Com. 
pany, was recently elected a director of the company. Mr 
Lovejoy is a Fellow of the Institute. 


Roy B. Kite is located with the Gulf Refining Company, 
Port Arthur, Tex. He was previously in the engineering de- 
partment of the New York Edison Company. 


J. E. Hovustry, until recently assistant power superintendent 
with the Aluminum Ore Company, E. St. Louis, Ill., is with 
the Aluminum Company of America in Kansas City, Mo. 


VREELAND Y. LeonarD, of Indianapolis, has become manager 
of the utilities department of the Interstate Public Service Com- 
pany, Columbus, Ind. He will have charge of the local electric 
lighting plant. 


Arrnur L. MuLuerGren, consulting engineer, has opened 
offices in Kansas City, Mo., and New York City. He was until 
recently a member of Benham & Mullergren, consulting engineers 
of Kansas City. 


C. R. Rock, formerly contracting engineer of Canton, Ohio, 
is now connected with McCarthy and Rock, general contractors, 
of Potsdam, N. Y., in the capacity of superintendent of con- 
truction. 


Howarp W. Tuomas has been transferred from the Boston 
Navy Yard, Plant Dept., to the Eleventh Naval District, San 
Diego, Cal., as assistant inspector of electrical material, Bureau 
of Yards and Docks. 


Epwarp M. Cuayror, formerly chief engineer of The Electric 
Products Company, Cleveland, resigned that position in April 
and is now located in the control division of the Westinghouse 
Electric & Manufacturing Company, East Pittsburgh. 


Merritt B. Miuuer has resigned his position in the design 
department of the Westinghouse Electric & Manufacturing 
Company at East Pittsburgh, Pa., to accept a position with 
the Central Michigan Light & Power Company, Alma, Mich. 


W. D. A. Peaster has been appointed chief engineer of the 
Belden Manufacturing Company, Chicago. Mr. Peaslee was 
captain in the Engineer Corps during the War, and since then 
until last fall was with the Jeffery-Dewitt Insulator Company, 
Huntington, W. Va. 


Davip D. Gisson, Jr., has recently become connected with 
Sanderson and Porter Corporation as designer on electrical 
extensions to the Windsor power station at Power, W. Va., 
Mr. Gibson was previously engaged with the New York Edison 
Company on the design of the 32nd Street substation. 


Cart G. ScHLUEDERBERG has been elected president of the 
American Electrochemical Society. Mr. Schluederberg returned 
recently from a three months’ trip in South America, where he 
made a study of business conditions for the Westinghouse 
Electric and Manufacturing Company. 


Cari Hering was made an honorary member of the American 
Electrochemical Society at its meeting in Baltimore April 27-29. 
Dr. Hering is one of the founders of the society, and has contrib- 
uted much toward its growth. He is prominent also in the ac- 
tivities of the A. I. E. E., of which he was president during the 
year 1900-1901. 

WiuttAmM ParrErson Van Wyck has resumed his position as 
purchasing agent of the Radio Corporation of America, New 
York City, after an absence of some months. Mr. Van Wyck 
joined the company in 1920 and supervised the purchases for 
the construction of their large radio central plant at Port Jef- 


ferson, L. I., which was erected by the J. G. White Engineering 
Corporation. 


A. 8. KALENBORN is now with the California-Oregon Power 
Company in Medford, Ore., on engineering problems connected 
with the building of a hydroelectric plant unit, and the construe- 
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tion of a 116-mile transmission line to Springfield, Ore. Mr 
Kalenborn recently returned from Peru where he ope in aWerce 
of the hydroelectric department of the Cerro dePasco Copper 
Corporation in the Andes Mountains near Lima. 


BK. A. Wiicox has resigned his position as vice-president and 
sales manager of the Pittsburgh Electric Furnace Corporation 
and is located in Los Angeles, Cal., where he has established 
a manufacturers’ agency, specializing in electrical and mechani- 
cal machinery and equipment. During the war Mr. Wilcox 
served overseas as captain in the U. S. Army, and previous to 


Ra time was manager of the Public Service Company of Okla- 
oma. 


Davin B. Rusumore, chief engineer of the power and mining 
department of the General Electric Company, has recently 
been appointed to the staff of consulting engineers of the com- 
pany. Mr. Rushmore has been connected with the General 
Electric Company for seventeen years, having been previously 
with the Stanley Electric Manufacturing Company of Pitts- 
field, which became a part of the General Electric organization 
in 1905. Heisa Fellow of the Institute and has been a manager 
and a vice-president. He is a member of a number of other 
societies and organizations both here and abroad. 


FREDERICK Krua has accepted a position with the Porto 
Rico Railway, Light and Power Company, as superintendent, 
La Plata Hydroelectric Plants, San Juan, Porto Rico. He 
resigned his position last fall with the New York and Hondural 
Rosario Mining Company, San Juancito, Honduras, C. A., 
where he had been assistant superintendent and acting superin- 
tendent of the electrical department since 1917, except for 
some time spent in war service as instructor at the Carnegie 
Institute of Technology and a shori time as sales engineer with 
the Crocker-Wheeler Company, Ampere, N. J. 


Auex. C. Humpureys and ALTEN S. MILLER have withdrawn 
from active participation in the business of Humphreys & Miller, 
Inc., New York City, and Robert O. Luqueer of that company 
has joined with Alfred E. Forstall to form the partnership of 
Forstall, Robison and Luqueer, which will take over the interests 
of the company. The firm of Humphreys & Miller, Ine., was 
successor to Humphreys & Glasgow, of London. Dr. Hum- 
phreys became senior member of this firm in 1892, and continued 
as president of Humphreys & Miller, Inc., until the present time. 
He will continue his duties at the Stevens Institute of Technol- 
ogy, of which he has been president for a number of years. 


K. A. Pauty has been appointed head of the power and mining 
department of the General Electric Company, succeeding D. B. 
Rushmore, now of the consulting engineering department. 
Mr. Pauly became connected with the General Electric Company 
in 1899, when he entered the G. E. test. He left the test in 
1901 to enter the induction motor designing department, and in 
1905 entered the power and mining engineering department, 
becoming head of the steel mill section. He is a member of 
the Institute, and belongs also to the American Institute of 
Mining Engineers, the American Mining Congress, and the 
Association of Iron & Steel Electrical Engineers. 


Gerarp Swope has been elected president of the General 
Electric Company to succeed E. W. Rice, Jr., who has become 
honorary chairman of the Board of Directors. Mr. Swope 
was formerly president of the International General Electric 
Company. A graduate from the Massachusetts Institute of 
Technology in 1895, he first entered the employ of the Western 
Electric Company in Chicago, working his way up from the 
shops to an executive position. In 1908 he came to New York 
as general sales manager of the company, and in 1913 was elected 
vice-president. He severed this connection the first of dj anuary, 
1919 to become president of the International General Electric 
Company. Mr. Swope joined the Institute in 1899. 
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Cuarues A. Corrin has retired as chairman of the Board of 
Directors of the General Electric Company. Mr. Coffin has 
been connected for forty years with the development of the cor- 
poration and was founder and creator of the company and its 
predecessor, the Thomson-Houston Company. He will con- 
tinue as a director of the company, to give attention to its prob- 
lems. The new chairman is Owen D. Young, who has been 
vice-president of the company for a number of years. Mr. 
Young, a lawyer by profession, is connected with a number of 
other organizations in a directing capacity, being chairman of 
the board of directors of the Radio Corporation of America, 
director of the Electric Bond and Share Corporation, and di- 
rector of the Bankers Trust Company. Mr. Coffin is one of the 
early members of the A. I. KE. E., which he joined in 1887. 


E. R. Sueparp, of the Bureau of Standards, has retired from 
the Bureau and will devote his time to consulting work. Mr. 
Shepard is well-known in connection with the electrolysis 
research and field surveys of the Bureau, and will continue the 
same kind of work under his own name. <A graduate from the 
University of California in 1904, he received the degree of M. A. 
from Harvard University in 1906. He was then associated with 
Stone & Webster for two years, and from 1909 to 1914 taught 
electrical engineering at the Oregon Agricultural College, 
which position he resigned to take up his present line of work at 
the Bureau of Standards. He is the author of a number of 
published articles, among them being some important papers 
issued by the Bureau of Standards on rail-bonds and joints 
and trackinsulation. Heisamember of the American Committee 
on Electrolysis, and has been active in connection with its pub- 
lications and researeh work. He will conduct his business in 
Washington, D. C. 


E. W. Ricsz, Jr., president of the General Electric Company 
for the past eight years, has retired from that position with the 
purpose of devoting his time to the general engineering problems 
of the company rather than to the duties of detailed organiza- 
tion and management. He will become honorary chairman 
of the Board of Directors, a newly created position. Mr. Rice 
has been in active electrical engineering work since 1880, when 
he became associated with Prof. Elihu Thomson as his assistant. 
In 1884 he became general superintendent and consulting elec- 
trician with the Thomson-Houston Electric Company. When 
this company was united with the Edison Company to form the 
present General Electric Company, Mr. Rice became identified 
with the corporation, and has been prominent in its activities 
since, becoming in 1893 chief engineer, and three years later, 
third vice-president of the company. He was made president 
in 1914. Mr. Rice is a member of a number of scientific soci- 
eties, being a Fellow of the A. I. E. E., of which he was presi- 
dent, 1917-1918. Harvard University conferred upon him the 
honorary degree of Master of Arts in 1903, and in 1906 Union 
University conferred upon him the degree of Doctor of Science. 


Obituary 


Herpert Stanuey Miter, of Elizabeth, N. J., died in a 
hospital in Elizabeth on May 7, 1922, following an operation 
for appendicitis. Mr. Miller was born in Jersey City, December 
31, 1869, his family moving to Blizabeth while he was still an 
infant. He was graduated from the Massachusetts Institute of 
Technology in 1892, and the next year took a position with the 
Diehl Manufacturing Company of Elizabeth, becoming secretary- 
treasurer when that firm was incorporated in 1896. He re- 
mained with the Diehl firm, engaged in engineering design and 
general construction work, until 1914, in which year he became 
affiliated with the Lake Torpedo Boat Company. Soon becom- 
ing president of this company, he held this office until the time 
of his death. Mr. Miller joined the Institute in 1899. He 
belonged also to the Technology Club and the Republican Club 
of New York, and the Elizabeth and Suburban Clubs of Elizabeth. 
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Epwarp Rosert Tracy, of the Pacific Tel. & Tel. Company, 
Sacramento, Cal., died on March 1, 1922, with plural-flu- 
pneumonia. Born Novy. 9, 1890, in San Francisco, Mr. Tracy 
had just started his engineering career at the time of his death. 
In 1913 he completed the four-year course at the College of 
Hawaii, receiving a B. S. degree. He then had several years of 
commercial engineering and switchboard engineering experience 
in Portland, Ore., with the Pacific Tel. & Tel. Co., and in the 
early part of 1920 completed a four months’ course in transmis- 
sion engineering with that company. Later in 1920 he became 
division transmission engineer with the company in Sacramento. 
Mr. Tracy was an Associate of the Institute, which he joined in 
1920. 


FREDERICK GARFIELD WISWELL, chief draftsman with the 
Puget Sound Power & Light Company, Seattle, Wash., died on 
April 22, 1922. Mr. Wiswell was born in Montreal, Can., 
March 20, 1883. He did not attend college, but took the stu- 
dent’s course with the General Electric Company in Lynn, Mass. 
From 1908 until 1916 he was electrical and mechanical drafts- 
man for the Seattle-Tacoma Power Company and the Puget 
Sound Traction, Light & Power Company, in 1916 becoming 
chief draftsman in the engineering department of the Puget 
Sound Traction, Light & Power Company, now the Puget 
Sound Power & Light Company, of Seattle. His early death 
eut short a career of much promise. Mr. Wiswell became an 
Associate of the Institute in 1920. 


BenJAMIN H. Evxtns, superintendent of the Mallison Power 
Company, South Windham, Me., died April 21, 1922. Mr. 
Elkins was born in Jackson, N. H., August 3, 1863, and received 
his electrical engineering education through the International 
Correspondence School, completing the course in 1905. In 
1890 he started to work with the N. E. Wiring & Construction 
Company, Boston which soon after was the Edison General 
Electric Company and then the General Electric Company. 
From 1893 to 1897 he was foreman in the construction depart- 
ment, Boston office. He left to enter the employ of the Bath 
Gas & Electric Company, Bath, Me., where he remained a year, 

. and then was engaged for two years with the Consolidated Elec- 
trie Light Company of Maine, Portland, Me. In 1900 he be- 
came connected with the Mallison Power Company, where he 
remained until the time of his death. Mr. Elkins joined the 
Institute in 1908. 


Frank P. Lewis, electrical superintendent of the U. S. Navy . 


Yard, New York, died at his home in Brooklyn, N. Y., April 7, 
1922. Mr. Lewis was born in Memphis, Tenn., March 7, 1869, 
and attended school at the Raleigh Academy, Raleigh, N. C. 
He then had ten years’ experience in building and operating 
electric railways with the Sprague Electric Company, Edison 
Electric Company, and Sprague, Duncan & Hutchinson, Ltd., 
during which time he supervised the installation of complete 
power plant equipment line construction and equipment of 
ears on street railroads in various cities. In 1898 Mr. Lewis 
was appointed a master electrician of the Navy Yard, N. Y., 
which at that time had five master electricians in various de- 
partments. The electrical activities of the yard were gradually 
consolidated, however, and in 1909 he was made master elec- 
trician of the yard, the position he held until the time of his 
death. His work included the installation of electrical equip- 
ment aboard U.S. battleships, the installation, care and opera- 
tion of all yard motors, and the operation and repairs of power 
house equipment. During the World War there were approxi- 
mately 1700 employees, with 70 subordinate supervisors, under 
his immediate direction, and he was responsible for all electrical 
work on vessels at the yard, on transports at the army piers, at 
the Brooklyn and New York water fronts, and at stations in 
the vicinity. His title at this time became electrical superin- 
tendent. His death was sudden and much regretted by all who 
knew him. Mr. Lewis joined the Institute in 1910. 
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Hints on Job Getting 


The following article has been prepared by the New York Volun- 
teer Employment Committee. This group is made up of men 
registered with the Engineering Societies Employment Service and 
is chiefly engaged in canvassing employers of engineers in and about 
New York City for the purpose of bringing to their attention the 
valuable service offered without charge by the bureau. 

The experience gained by this committee in interviewing 
hundreds of employers and thousands of employees seems to 
prove that the average unemployed engineer of today passes 
through three stages before making a new connection. 

The first may be likened to that of a chicken which has 
recently been deprived of its head. First comes the severing 
blow of discharge quickly followed by a wild outpouring of 
hastily prepared and ineffective letters, fit only for the waste 
basket; and a mad aimless rushing hither and thither after 
jobs for which the unfortunate is totally unfitted. Should 
anyone dare to offer the kindly suggestion that he is reaching 
for something beyond his grasp, the would-be applicant sees 
a diabolical attempt to keep him out of work and bull-head- 
edly insists upon having his way; blindly ignoring the fact 
that he is wasting his time and hurting the Bureau. 

Meeting with no success he is overcome with an enervating 
feeling of self-pity, and proceeds to give a most excellent 
imitation of Sir Isaac Newton discovering the law of gravity. 
While the achievements of great scientists are always worthy of 
imitation by engineers, there is very little chance these days 
of a pretty little cotton-wrapped job gently falling into the lap 
of any man. At this stage he spends a goodly part of his time 
in composing bitter arraignments of the inefficiencies of the 
Bureau (ignorant perhaps of the fact that his contribution 
towards its support amounts to just 25 cents per year), and is 
quite firmly convinced that the hand of both God and man is 
turned against him. 


Finally, he reaches the third stage where he decides to quit 
imitating the ostrich, withdraws his head from the sand of 
ignorance and personal prejudice and faces the cold hard facts 
in the light of day Now something can be done to help him. 


To get a job one must sell one’s services. Unfortunately the 
prospect of having to go out and attempt a sale seems to throw 
most engineers into a blind unreasoning panic. This is due, 
doubtless, to a childlike acceptance of that most fallacious and 
weak-minded, though generally accepted, statement that an 
engineer cannot make a good salesman. And why not, pray? 
Surely a man who understands human nature, knows his goods, 
thoroughly believes in them, and displays a reasonable amount 
of enthusiasm in presenting them should stand a good chance 
of making a sale. The trouble with the unemployed engineer 
is that he doesn’t know his goods, consequently hasn’t a strong 
belief in them and instead of presenting them with a show of 
sincere enthusiasm, tries to cover these defects with a bluff; thus 
inevitably appearing either as a ‘‘know it all’’ or a charity 
seeker. 

When an employer desires a man to fill a specific opening he 
usually has a more or less well defined idea of the kind of man he 
wants, and that applicant is successful who most closely approxi- 
mates that ideal. True it is, that one occasionally meets a man 
who doesn’t seem to know what he wants and this is really 
the easiest type of man to deal with, providing the applicant 
knows and believes in himself. For the employer’s nebulous 
ideas can often be crystallized into a form according almost 
exactly with the qualifications of the applicant. Unfortunately 
most applicants seek merely a certain salary and are ready to 
take almost any kind of a job which meets this requirement. 
Hence to a prospective employer applicants appear weak, doubt- 
ful of their own capabilities and create a most negative 
impression. Remember, always, that when aman is hired a 
contract is made, and a con tract has been well defined as 
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‘a meeting of two or more minds.” How then can two minds 
meet when only one of them has a well defined set of ideas? 
ae sant Pee oe: aman to do is to draw up a detailed list 

f his quali cations—personal, educational, practical. But let 
him play fair with himself and note both strong and weak points. 
Here is a chance to make progress, for ambition will force every 
normal man to seek remedies as soon as he recognizes his weak- 
nesses. Next, he should whip this detailed list of qualifications 
into a clear, concise, forceful experience record which will show 
him up in the best light possible. This is the hardest part of 
the whole task and will require not an hour, but more often 
days of hard, consistent effort; but when properly carried out 
it creates a wonderful feeling of confidence, and gives him a 
sharply defined idea of his size as pertaining to any job he goes 
after. As a result he no longer wastes his time and efforts in 
madly chasing after a wild series of impossible jobs, but settles 
down to a very determined and much more frequently successful 
hunt for a job within his capabilities. Incidentally this is an 
ideal time to take some thought of the future and decide what 
one would like to be ten or twenty years from now, thus 
gaining an idea of how far one has progressed along the desired 
path, and what steps must still be taken to attain the goal. 
One should of course, set up a high standard, but not an impossi- 
ble one; and what that may be each man must determine for him- 
self. This mode of procedure enables a man to make a pro- 
gressive effort to gain a job which is within reason and which 
will enable him to gain additional valuable experience. He 
has now reached the point of knowing what he wants, why he 
wants it and why he should have it. A man in possession of 
these facts is a hard individual to turn down, and more important 
still, he has acquired confidence. 


Logically, the next step to take, is to find a market for the 
goods. This is where the Bureau, advertisements, letters and 
personal tips should be used. But bear in mind, these are 
media only and none of them will or can get the job itself— 
they merely put one in touch with it. Most jobs, and particu- 
larly the good ones, are ‘‘by letter,’’ so it behooves the applicant 
to give heed to what constitutes a successful letter. To begin 
with, avoid wasting a paragraph or even a sentence telling how 
the job was located—the heading does that. Set forth the quali- 
fications in general but forceful terms—the experience record 
will give the details and proof. Above all be concise, for if 
you really know—don’t think or hope—you will fill the job, 
your letter will show it. But no man, not a genius can dash 
off an effective letter in an hour. A successful letter is well 
worth several hours effort. Even after composing what appears 
to be a good letter, its value must be tested in the open market— 
and the first attempt is rarely successful. Persistence plus 
knowledge and confidence must inevitably gain the day. When 
seeking a particularly desirable job it is excellent practise to 
analyze each item of the general experience record and consider 
its exact bearing on the job in question. Then by re-writing 
the record, one is in a position to give to each phase of the 
experience its proper relative degree of prominence, thus creating 
a much more favorable impression than would be the case were 
the general record offered. 

Finally, comes the interview. Its success will be dependent 
upon the personal impression, intelligent expression of require- 
ments and qualifications and mutually satisfactory terms. 
Physical appearance counts for a great deal. Some are naturally 
gifted, other are not. But one’s natural inclinations usually 
incline one towards a line with which the physical appareance 
accords. One does not pick a dray horse for the race-track. 
So look to the neatness of clothes, face and shoes, and let the 
guest beware of his manners. Watch carefully the questions 
and answers, for the tongue has often slipped many a man out 
of a good job. And lastly endeavor to be reasonable in one’s 
demands, for if the employer doesn’t use good business judg- 
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ment in dealing with the employed, the latter will not long have 
a job. The following summary will supplement the foregoing 
remarks. It is hoped that both will cause the man who is 
looking for a job to think well, before he acts, and to remember 
he must act intelligently if he is to succeed in his quest. 


Summary of Suggestions 


1. Decide on what you want. 

2. Make sure your qualifications give you an even chance 
of getting it. But don’t think 100 per cent is necessary. Per- 
fection doesn’t exist. 

3. Don’t go after a job unless you mean business. 

4. There are three factors to every job, viz.: Advancement, 
experience, salary. Don’t ignore the first two. 

5. Remember that the Job gets the salary—not the appli- 
cant’s qualifications. 

6. Job-Getting is selling one’s services. The successful 
salesman knows his product thoroughly. Study your goods. 


LrtrtTEer-W RITING 


1. The object of a letter is to get an interview. Letters 
don’t get jobs. 

2. Padding of payrolls is a felony. Padding of letters is 
equally dangerous for the job-hunter. 

3. A letter must arouse interest, create desire, prove the 
case, convince the reader that an interview will be profitable. 
Hence: Be as brief as is consistent to prove your claims. Make 
no claims not backed by the experience record. Always include 
the experience record. 

4. Attractive packages improve the sale of goods. There- 
fore typewritten letters on plain business stationary are better 
than long hand ones on club or personal stationary. 


INTERVIEWS 


The interview is “The day in court.” 
half the battle. When being interviewed: 

1. Be fully confident of your worth—but not presumptuous. 

2. Be sure you want the job and be ready to prove why you 
should get it. 

3. Ask a fair market price for your goods. 
Don’t be a philanthropist. 

4. Assay the three elements—Advancement—Training— 
Salary—and be guided by the sum of the three in accepting or 
declining. 

5. Leave in a pleasant hopeful manner if the job is not 
decided then and there. 

6. A letter of acknowledgment of the courtesy of an inter- 
view is good policy following a promising call. 


Getting it is only 


Don’t profiteer. 


FINALLY 


Maintain the proper mental attitude. Don’t let your morale 
slump. Nobody wants a grouch or a man who is not sure of 
himself. 


American Institute of Chemical Engineers 
MEETING IN NIAGARA FALLS, JUNE 19-22, 1922 


The Summer Meeting of the American Institute of Chemical 
Engineers will be held at Niagara Falls, June 19-22, with head- 
quarters at the Clifton Hotel. One day will be assigned for a 
visit to Buffalo to inspect the industries there, and another day 
will be devoted to a lake trip to Toronto, Canada, and inspection 
of the chemical plants in that vicinity. The program of papers, 
on various phases of chemical engineering, will include a sym- 
posium on the manufacture and concentration of sulphuric, 
nitrie and hydrochloric acids, as well as phosphorie acid. A num- 
ber of excellent papers has been promised for this symposium. 
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The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except durina 


July and August when the hours are 9 a. m. to 6 p. m. 


WANTED—PROCEEDINGS OF THE AMERICAN 
RAILWAY ENGINEERING ASSOCIATION 


To complete its files the Engineering Societies Library is in 
need of the Proceedings of the American Railway Engineering 
Association for the years 1918, 1919, and 1920. If some member 
of the Institute has copies of these Proceedings which he is 
willing to donate to the Library, his action will be greatly ap- 
preciated. Address: Mr. Harrison W. Craver, Director, Engi- 
neering Societies Library, 33 West 39th Street, New York. 


BOOK NOTICES (APRIL 1-30, 1922) 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume respon- 
sibility for any statements made; these are taken from the pref- 
ace or the text of the book. 

All the books listed may be consulted in the Engineering 
Societies Library. 

AvuToMATIC TELEPHONE SYSTEMS. 

By William Aitken. Vol. 1. Circuits and apparatus as used 
in the publicservices. Lond., Benn Brothers, Ltd., 1921. 282 
pp., diagrs., 10x 8 in., cloth. 25s. 

The great mass of detail and the complicated circuit diagrams 
required to present this subject make special treatment necessary 
if a treatise is to be suited to the needs of students. This book 
attempts to present the subject in intelligible form by rearrang- 
ing the diagrams, eliminating unnecessary crossing lines, sim- 
plifying the form and presenting it in such a way as to show the 
relationship of the system as a whole. To accomplish these 
ends a large page and a new system of deseribing the diagrams, 
which consist in numbering a circuit from end to end with the 
same system, have been used. 

The book covers the whole subject. The principal commercial 
systems and other less-known systems of promise are described. 
Continuous WAVE WIRELESS T'BLEGRAPHY. 

By B. E. G. Mittell. (Pitman’s technical primers.) 
and N. Y., Sir Isaac Pitman & Sons, Ltd., 1922. 
7x4in., cloth. $0.85. 


This little book is offered as an introduction to radiotelegraphy 
from the engineer’s point of view. It avoids the use of mathe- 
matics and plunges directly into the subject without a prelimi- 
nary discourse upon electricity or the development of mechanical 
analogies. Special attention, so far as space permits, is given to 
the Pulsen are and to the construction of tall aerial structures, 
tee ae references to important papers are given throughout 

e book. 


INTRODUCTION TO ELECTRODYNAMICS. 
By Leigh Page. Boston and N. Y., Ginn & Co., 1922. 
pp.,8x6in., cloth. $2.00. 


The object of this book is to present a logical development 
of electromagnetic theory founded upon the principleof relativity. 
So far as the author is aware, the universal procedure has been 
to base the electrodynamic equations on the experiments of 
Coulomb, Ampere and Faraday, even books on the principle of 
relativity going no farther than to show that these equations are 
covariant for the Lorentz-Hinstein transformation. As the de- 
pendence of electromagnetism on the relativity principle is more 


Lond. 
‘110 pp., illus., 


134 


intimate than this covariance suggests, he believes it more logical 
to derive the electromagnetic equations directly from this 
principle. A 

The book covers topics appropriate for a one-year graduate 
course in electrodynamics and electromagnetic theory of light. 
It should interest those who are looking for a logical rather than a 
historical account of the science. 

PRINCIPLES OF ELECTRICAL ENGINEERING. 

By William H. Timbie and Vannevar Bush. N. Y., John 
Wiley & Sons, Inc.; Lond, Chapman & Hall Ltd., 1922. 513 pp., 
illus., 8x 5in., cloth. $4.00. 

This text-book written for students of college grade, with a 
knowledge of calculus and physics, aims to provide a substantial 
first course in the subject which will present rigorously, yet in 
understandable form, the basic principles underlying modern 
electrical engineering, to be followed by detailed courses in direct 
and alternating-current machinery. Special features are the 
stressing of the subject of the magnetic circuit; the use of the 
electron theory as a basis for explanation; the inclusion of the 
subjects of thermionic emission, conduction through gases, 
electrolytic conduction and high-frequency phenomena; a novel 
approach to the subject of the behavior of dielectrics and numer- 
ous live problems. 

PRINCIPLES OF MECHANICAL REFRIGERATION. 

By H. J. Macintire. First edition. N. Y.and Lond.,MecGraw- 
Hill Book Co., Inec., 1922. 252 pp., illus., diagrs., 8x6 in., 
cloth. $2.50. 

Based on a study course of twenty articles published in Power 
during 1920. The book is intended to cover the entire field of 
refrigeration in an elementary manner, with little use of mathe- 
matics. Analogies to steam machinery and steam eycles are 
used to explain the action of refrigeration. 


Essar D’OptTicuE SUR LA GRADATION DE LA LUMIERE. 

By Pierre Bouguer. Paris, Gauthier-Villars et Cie, 1921. 
(Les maitres de la pensee scientifique.) 129 pp., 7 x 5in., paper. 
oie 

This classic of literature of optics is an account of Bouguer’s 
study of certain important optical problems connected with the 
radiation of light and its absorption by various substances. It 
is the work which first set forth the basis of photometry, and led 
to the invention of the photometer by the author in 1748. 

The present edition reproduces the original text of 1729. 


Merric System ror ENGINEERS. 

By Charles B. Clapham. N. Y., E. P. Dutton & Co., 1922. 
(Directly-useful. technical series.) 181 pp., 9x6 in., cloth. 
$6.00. 


This book is not concerned with the controversy regarding the 
metric system. Its object is to give a full practical explanation 
of the system as it is met in engineering calculation and measure- 
ment, for use by draftsmen, mechanics and engineers. 

After an introduction explaining basic principles, the simple 
measures of length, area, volume, capacity and weight are dis- 
cussed, with special attention to the usual measuring tools found 
in workshops and drafting rooms. Compound measures used 
in engineering are then described, with the derivation of the 
corresponding British equivalents. Succeeding chapters give 
tables of the commoner engineering constants in British and 
metric units, and examples of the alteration of numerical con- 
stants in formulas when metric values are to be used. 


J une 1922 


ORGANIC CHEMISTRY. 
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This treatise comprises two parts. The first is entirely new. 


By Victor von Richter. Vol. 2. Chemistry of the carbo- It contains 141 pages devoted to high compression oil engines, 


cyclic compounds. Phila., P. Blakiston’s Sons & Co., 1922. 
760 pp., 9x 6in., cloth. $8.00. 


After an interval of six years since the a 
1 ppearance of volume 

one, the second volume of this translation, dealing with carbo- 
eyclic or closed carbon chain compounds, is now available. The 
translation follows the 11th German edition, prepared in 1912. 

The outstanding feature of this work is the large number of 
compounds listed, with outlines of the methods for preparing 
them and accounts of their important properties. No other 
book of its size gives such an exhaustive list. Because of this 
comprehensiveness, the book is most useful for references, par- 
ticularly when the large encyclopedias are not accessible. 
ANALYSIS OF Fugu, Gas, WATER AND LUBRICANTS. 

By S. W. Parr. Third edition. N. Y. and Lond., McGraw- 
Hill Book Co., Ine., 1922. 250 pp., illus., diagrs., tables, 8 x 6in., 
cloth. $2.50. 


This book was originally published for use by students of 
mechanical engineering and provided a course intended to help 
the engineer to a better understanding of the literature of the 
topics treated, and also to an appreciation and more intelligent 
use of data supplied by the chemist. 

The present edition has been expanded to meet the needs of 
students of chemistry as well. It contains a synopsis of the au- 
thor’s lectures on fuel, gas, water and lubricants, and a course 
in laboratory methods for their analysis. 

We tt-Borinc ror WATER, BRINE AND OIL. 

By C. Isler. Third edition. Lond., E. & F. N. Spon, Ltd.; 
N. Y., Spon & Chamberlain, 1921. 259 pp., illus., diagrs., 9 x 6 
in., cloth. $4.80. 


Describes various methods of boring and drilling in search of 
water, brine, oil or minerals, including driven and bored tube 


wells, the Kind-Chaudron, Dru and Mather & Platt deep-boring 


systems; the American rope-boring system and diamond drilling. 
Methods of raising water are dealt with. This edition is revised 
and includes the methods developed during recent years. 


DESIGN AND CONSTRUCTION OF O1L ENGINES. 

By A. H. Goldingham. Fifth edition. 
berlain; Lond., E. & F. N. Spon, 1922. 
diagrs., 8x 5in., cloth. $4.00. 
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: PAST SECTION MEETINGS 
Baltimore.—April 21, 1922, Engineers Club. Subjects: 
“Radio Telephony and Broadcasting” by Mr. L. W. Chubb, 
of the Westinghouse Electric and Manufacturing Company; 
and ‘High-Power Transoceanic Radio Telegraphy” by Mr. E. 
F. W. Alexanderson, of the Radio Corporation of America. 
Attendance 225. 

Boston.—April 11, 1922, Auditorium, Engineers Club. 
Subject: “Signal Devices Used in Warfare” (illustrated by lan- 
tern slides). 
Signal Company. Attendance 125. 

May 9, 1922, Franklin Union Hall, Boston. Election of 
officers as follows: Chairman, Edward L. Moreland; Vice Chair- 
man, Alexander Macomber; Treasurer, Ira N. Cushing; Secre- 
tary, F. S. Dellenbaugh, Jr. Subject: “Wifty Years of Physics.” 
Speaker: Professor Arthur Gordon Webster, of Clark University, 
Worcester. Attendance 260. 

Cleveland.—April 18, 1922, Electrical League Rooms. Mr. 
N. W. Storer, vice-president, was the guest of the Section and 
made a few remarks relative to the work of the Institute, before 
the presentation of the paper of the evening. Paper presented: 
“Automatic Substations.” Speaker: Mr. L. IDE Bale, of the 
Cleveland Railway Company. After the meeting special cars 
were provided through the courtesy of the Cleveland Railway 
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Speaker: Mr. H. J. W. Fay, of the Submarine 


including solid injection, air blast and modern two-cycle engines. 
The design and construction of the parts of these engines, testing 
installation and construction are considered, and the leading 
American and English designs are discussed. 'The second part 
relates to earlier types of low compression oil engines. It is 
apparently a reprint of edition four of the work, with the omis- 
sion of the appendix on Diesel engines, now included in a separate 
treatise on that subject. 


MecHANICAL STOKERS. 

By Joseph G. Worker and Thomas A Peebles. First edition. 
N. Y. and Lond., McGraw-Hill Book Co., Inc., 1922. 258 pp., 
illus., tables, diagrs.,9x6in., cloth. $3.00. 


Although stokers are treated in books on boilers and power 
plant equipment, there has been no work treating the stokers as a 
separate unit until the appearance of the present volume. It 
treats the phenomena of combustion in relation to stokers, 
describes mechanical stokers and modern practise in stoker 
installation and use and discusses the selection of stokers for 
different fuels and differing conditions. The authors have en- 
deavored to give reliable unbiassed opinions and facts from field 
experience in design, installation and operation. 


Cratn’s Market Data Boox AND Directory oF Crass, TRADE 
AND TECHNICAL PUBLICATIONS. 


Second edition 1922. Chicago, G. D. Crain, Jr. 
9x6in., cloth. $5.00. 


This is a reference book for advertisers. An account of trade, 
industry and profession is given which presents -the statistical 
and marketing data necessary to give the advertiser or merchant 
a picture of the field as a whole. Hach account is supplemented 
by a full list of American trade journals devoted to that industry, 
with their addresses, circulation, advertising rates, ete. A list 
of important foreign trade journals is included. 


456 pp., 


PuLuine TOGETHER. 


By John T. Broderick. Schenectady, N. Y., Robson & Adee, 
1922. 141 pp.,8x5in., cloth. $1.00. 


A discussion of current problems connected with the relations 
of capital and labor, with employee representation as the cen- 
tral theme. Dr. Steinmetz has contributed a brief introduction. 


PTTL 


Company, and a trip was made to E. 99th Street automatic 
Substation, where the various pieces of equipment were explained. 
Attendance 155. 

Columbus.—April 27, 1922, Engineers’ Club. Organization 
meeting. Election of temporary officers; appointment of com- 
mittees. Attendance 13. 

Connecticut.—April 18. 1922, Hotel Elton, Waterbury, 
Conn. A banquet preceded the meeting. Subject: “Hleetrie 
Furnaces in the Brass Industry.’’ Speaker: Dr. H. W. Gillette, 
of the Bureau of Mines. Attendance 180. 

Denver.—April 14, 1922, Adams Hotel. Joint meeting with 
Colorado Section of the A.I.M. & M.E. Subject: ‘“A Process 
for the Reduction of Zine Ore and Complex Ores Containing 
Zine by Electrothermie Dry Distillation’ (illustrated by lan- 
Speaker: Dr. Charles H. Fulton, Director, School 
Attendance 


tern slides). 
of Mine and Metallurgy, University of Missouri. 
IDs 

May 5, 1922, University of Colorado. General engineering 
meeting held under the auspices of the Denver Section, but 
participated in by Colorado Engineering Council and the nine 
constituent member societies. Meeting called to order at 4:00 
p.m. Election of officers as follows: Chairman, H. B. Barnes, 
Vice-Chairman, H. B. Dwight; Secretary-Treasurer, R. B. 
Bonney. The audience was then entertained by three selections 
of music, transmitted from Denver, a distance of thirty miles, 
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by radio. Subjects presented at meeting: “The Commercial 
Aspect of Research Work” by Mr. L. T. Robinson, of the General 
Electric Company, Schenectady; and ‘Electron at Work’ by 
Dr. Willis R. Whitney. The visitors were entertained at 
Dinner by the University. After dinner the engineering students 
held open house throughout the engineering buildings and the 
guests were shown through all departments. Attendance 300. 

Detroit-Ann Arbor.—March 10, 1922, Detroit Edison 
Building. Subject: “‘The Keonomie Loading of Transformers.” 
Speaker: Mr. P. O. Reyneau, of the Detroit Edison Company. 
Attendance 118. 

April 28, 1922, Detroit Edison Company. Subject: “The 
Electrification of the Transcontinental Line of the Chicago, 
Milwaukee and St. Paul Railway” (illustrated by motion pic- 
tures and lantern slides.) Speaker: Mr. J. A. Anderson, Su- 
perintendent of Shops at Milwaukee Lecomotive Plant of the 
Chicago, Milwaukee and St. Paul Railroad. Attendance 160. 

Fort Wayne.—April 20, 1922, Duemling Clinic. Dr. C. C. 
Grandy, a member of the Duemling Clinic, the speaker of the 
evening, explained X-ray from a radiographic. fluoroscopic and 
therapeutic standpoint and illustrated his lecture by slides with the 
assistance of Dr. V. Hilgeman. At the completion of the meeting 
Doctors Grandy, Duemling and Hilgeman escorted the guests 
through the Clinie showing the performance of all appliances. 
Luneh was served by Dr. Duemling. Attendance 89. 

Indianapolis-Lafayette.—May 5, 1922, Chamber of Com- 
merece. Subject: “The Economie Aspect of Long-Distance 
Power Transmission.’”’ Speaker: Professor Alfred Still, Pur- 
due University. Attendance 42. 

Ithaca.—April 28, 1922, Sibley Dome. Subject: “‘The 
Superpower System.’ Speaker: Mr. W.S. Murray. Attend- 
ance 550. 

May 5, 1922, Franklin Hall. 
C. M. & St. Paul Railway.” 
Attendance 200. 

Kansas City.—April 28, 1922. University Club. The ‘‘De- 
velopments in Wireless Telephony” a Westinghouse Electric & 
Manufacturing Company paper, was read by Mr. H. C. Thomp- 
son, an engineer from the St. Louis office of the company. The 
paper was illustrated with slides showing typical installations 
and the general theory of operation. Attendance 40. 

Lehigh Valley.—March 9, 1922, Pardee Hall, Lafayette 
College, Easton, Pa. Preceding the meeting an informal dinner 
was held at the Haston Y. M. C. A., with Mr. N. W. Storer, a 
vice-president of the Institute, and Mr. C. W. Horn, speaker of 
the evening as guests of honor. Subject: ‘Radio Telephony 
and Broadeasting.” Speaker: Mr. C. W. Horn, of the Westing- 
house Electric & Manufacturing Company, E. Pittsburgh. 
The paper was accompanied by interesting demonstrations and 
by means of loud speaking attachment, the audience was enter- 
tained with speeches, music and singing picked up from the 
nearest broadcasting stations within the range of Easton. 
Attendance 350. 

Lynn.—April 12, 1922. Subject: “Earthquakes and Seis- 
mographs.” Speaker: Professor, J. B. Woodworth, Chairman 
of the Department of Geology, Harvard University. The 
lecture was illustrated by a number of lantern slides. Attend- 
ance 130. 

April 26, 1922. Subject: “The Caribou Hydroelectric De- 
velopment of the Great Western Power Company, California’”’ 
(illustrated by colored slides and moving pictures). Speaker: 
Mr. Albert A. Northrop, of the Stone & Webster Corporation, 
Boston. Attendance 250. 

May 9, 1922, Classical High School, Lynn. Ladies’ Night. 
Election of officers as follows: Chairman, J. W. West: Vice- 
Chairman, L. E. Smith; Secretary-Treasurer, W. M. Howe; 
Assistant Secretary, Paul E. Twiss. Subject: “Old New Eng- 
land Gardens.” Speaker: Mr. Loring Underwood, of Boston. 
Attendance 600. 


Subject: “Electrification of 
Speaker: Mr. L. J. Murray. 
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Milwaukee.—April 27, 1922, City Club of Milwaukee. 
Annual Dinner. Subject: ‘‘Radio Telephony.” Mr. RAG 
Kartak, head of the Electrical Engineering Department of Mar- 
quette University, presented the principal paper. Addresses 
were also made by Mr. A. W. Berresford, Past-president of the 
A. I. BE. E., and by the Reverend J. B. Kremer, Professor of 
Physies at Marquette University. During the course of the 
dinner the radio equipment of the City Club was in operation 
and music which was being broadeast in Milwaukee was received. 
However, due to static conditions no long-distance broadeasting 
could be picked up. Attendance 180. 

Minnesota.—April 24, 1922, University of Minnesota. 
Subject: “The Electrification of the Transcontinental Line of 
the Chicago, Milwaukee and St. Paul Railroad—Intimate De- 
tails of Installation and Construction.’”’ Speaker: Mr. A. B. 
Baker, of Chicago. The lecture was illustrated with 2000 feet 
of film and numerous slides showing features of construction 
and beautiful scenic views. Attendance 410. 

Philadelphia.—April 10. 1922, Engineers’ Club. Informal 
dinner preceding meeting. Subject: “Flux and Current.” 
Speaker: Dr. Harold Pender, of the University of Pennsylvania. 
Attendance 139. 

May 8, 1922, Engineers’ Club. Preceding the meeting an 
informal dinner was served to the delegates to the meeting of 
the Executive Committee of the Second Geographical District 
and to the speaker of the evening. Subject: ‘“‘The Coming of 
the Alternating Current.’ Speaker: Mr. B. G. Lamme, Chief 
Engineer, Westinghouse Electric & Manufacturing Company. 
Attendance 120. 

Pittsburgh.—April 18, 1922, Chamber of Commerce Build- 
ing. Joint meeting with local Section of A. I. M. E. Subject: 
“Central Station Power for Coal Mines.’’ Speaker: Mr. J. C. 
Damon. of the West Penn Power Company. Mr. W. A. Affelder, 
of the Hillman Coal & Coke Company, led the discussion, 


followed by Messrs. Nelms, Fear, Gibbs and Stone. Attend- 
ance 105. 
Portland.—April 26, 1922. Public Library. ‘‘Demonstra- 


tion of Telephone Operating Methods” by the Pacific Telephone 
and Telegraph Company, including a lecture by Mr. A. E. Burns 
on “Some Fundamental Features of Machine Switching (Auto- 
matic).”’ A reel of motion pictures taken in the Portland tele- 
phone offices was shown. The demonstration was followed by 
several high-class voeal and instrumental musical numbers. 
Attendance 145. 

Providence.—April 18, 1922, Providence Engineering Society 
Rooms. Joint meeting of the Providence Engineering Society 
and the Providence Section A. I. E. E. Subject: ‘‘Practical 
Economies and Its Relation to the Engineer.”” Speaker: Mr. 
James M. Matthews, Director of the Division of Practical Eeo- 
nomies, Babson Institute. Attendance 75. 

May 5, 1922, Providence Engineering Society Rooms. Elec- 
tion of officers as follows: Chairman, Robert W. Adams; Vice- 
Chairman, Howard A. Stanley; Secretary-Treasurer, F. N. 
Tompkins. Subject: ‘The Commercial Importance or Aspects 
of the Transformer in Present Day Life.’ Speaker: Mr. 
Matthew O. Troy, of the General Electrie Company, Pittsfield, 
Mass. Attendance 35. 

St. Louis.—April 26, 1922, Engineers’ Club. Dr. William 
MeClellan, President of the A. I. BE. E., talked on topies of a 
general nature, principally regarding economic conditions, and 
pointed out some of the things which he thought would be nee- 
essary in order for America and the electrical industries to enjoy 
the greatest prosperity. Attendance 96. , 

San Francisco.—March 24, 1922, Engineers’ Club. Sub- 
ject: “Engineering Short Cuts as Applied to Power Circuit 
Studies.” Speaker: Mr. A. W. Copley, of the Westinghouse 
Electric & Manufacturing Company. Attendance 40. 

Schenectady.—April 21, 1922, Edison Club Hall. 


Subject: 
Radio Transmission.” 


Speaker: Mr. W. R. G. Baker, of the 
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ape aa The first part of the program con- 
a Hare cana ea y W.G. Y. broadcasting station of 
- the General Electric C ompany. Mr. Stein, Radio Engineer of 

AOS 1¢ Company, gave a brief resume of the history 

of wireless transmission. Attendance 250. 

May 9, 1922, Edison Club Hall. Joint meeting with Ameri- 
can Chemical Society. Society of Engineers of Eastern New 
York. American Society of Mechanical Engineers, and American 
Welding Society. Subject: ‘Activities of the American Engi- 
neering Societies.” Speaker: Dean M. E. Cooley, President, 
Federated American Engineering Societies; Dean, College of 
Engineering, University of Michigan. Attendance 90. 

Syracuse.— April 28, 1922, Assembly Hall, Onondaga County 
Court House. Subject: ‘‘The Automatic Telephone.’ Speaker: 
Mr. Arthur Bessey Smith, of the Automatie Telephone Company. 
Attendance 30. 

Toledo.—April 21, 1922. Election of officers as fellows: 
Chairman, Gilbert Southern; Vice-Chairman, Ira B. Matthews; 
Secretary-Treasurer, Max Neuber. Attendance 10. 

Teronto.—April 21, 1922, Mining Building, Toronto Uni- 
versitv. Annual Business Meeting and Election of officers as 
follows: Chairman, S. E. M. Henderson; Secretary, D. B. Flem- 
ing; Executive Committee, Messrs. W. L. Amos, O. V. Anderson, 
L. B. Chubbuck, C. H. Hopper, S. L. B. Lines, C. E. Schwenger. 
Subject: ‘““Roeky Mountain Trails to Mount Robson.”’ Speaker: 
Professor A. P. Coleman. The lecture was illustrated by slides 
from Professor Coleman’s photographs and colored by himself 
to correspond with his own notes. Attendance 100. 

Urbana.—May 3, 1922. Election of officers as follows: 
Chairman, H. A. Brown; Secretary, E. B. Paine. Symposium 
on “Modern American and European Power Plant Practise.’’ 
Speakers: Professors E. B. Paine and Morgan Brooks, and Mr. 
G. S. Parker. Attendance 28. 

Utah.—April 28, 1922, Gold Room, Commercial Club. 
Subjects: ‘‘The Manufacture of Dielectric Porcelain”? by Mr. 
A. M. Jackson, of the Locke Insulator Corporation; and ‘‘First 
Aid and Resuscitation from Electric Shock by Dr. E. L. Skid- 
more. Attendance 65. 

Worcester.— April 27, 1922, E. E. Bldg., W. P. I. Subject: 
“The New Conservation.”’ Speaker: Mr. F. M. Feiker, Vice- 
President of the McGraw-Hill Company, New York. Attend- 
ance 32. 

PAST BRANCH MEETINGS 

Armour Institute of Technology.—April 21, 1922. Joint 
meeting with Armour Architectural Society and Western Society 
of Engineers. Subject: “BEthies.”’ Speaker: Mr. Emery Stan- 
ford Hall. Architectural Engineer. Attendance 162. 

Brooklyn Polytechnic Institute-—May 4, 1922. Joint 
meeting with A. S. M. E. and A. 8. C. E. Branches. Mr. Wil- 
liams, engineer of the Chicago, Milwaukee and St. Paul Rail- 
road, delivered a very interesting lecture, illustrated by slides 
and motion pictures. Attendance 200. 

University of California.—April 19, 1922. Subject: Ac- 
quirement of Water Rights for Power Development.’”’ Speaker: 
Professor S. T. Harding. Attendance 18. 


Carnegie Institute of Technology.—May 9, 1922. Sub- 


ject: ‘Electrification of the Chicago, Milwaukee and St. Paul 
Railroad” (illustrated by slides and moving pictures). Speaker: 
Mr. L. J. Murray. Attendance 250. 

University of Cincinnati.—March 27, 1922. Subject: 


“Automatic Substations and Some of the Results of Tests on 
Them.’ Speaker: Mr. H. E. Deardoff, E. E.’22. Attendance 
45. 

April 10, 1922. 
Speaker: Professor N. M. Fenneman. 


Subject: “The Relation of Geology to Engi- 
Attendance 


neering.” 

46. 
April 17, 1922. Subject: “The Trend of Modern Engineer- 

ing.’ Speaker: Professor A.M. Wilson. Attendance 45. 


Subject: ‘Oil Cireuit Breakers and Some of 


April 24, 1922. 
Speaker: Mr. G. M. Arnold, E. E. ’22. 


Their Characteristics.” 
Attendance 27. 
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Colorado State Agricultural College.—May 1, 1922. 
Students were entertained by Professor BE. B. Dale, who tuned in 
on the news items, stock and weather reports, and musie from 
The Reynolds Radio Company near Denver. Attendance 20. 

Iowa State College.—April 12, 1922. Subject: ‘The Elec- 
trification of the Chicago, Milwaukee & St. Paul Railway” 
(illustrated). Speaker: Mr. F. E. Sheddon. The lecture was 
followed by two reels of moving pictures entitled ‘‘A. Ride Over 
the Great Divide.’”’ Attendance 250. 

April 26, 1922. Subject: ‘Poles from Forest to Transmission 
Line” (illustrated). Speaker: Mr. 8. G. Harris, of the Page & 
Hill Company, Minneapolis. Attendance 65. 

Kansas State College.— April 24, 1922. Election of officers 
as follows: Chairman, L. O. Sinderson; Vice-Chairman, Lester 
Means; Corresponding Secretary. K. C. Frank; Recording Sec- 
retary, A. Jennings. Subjects: “Your Bosses” by Charles Efen- 
stine; “Lucifern’s Perpetual Light’? by Harvey Staif; ‘‘Hlectri- 
fication of the New York, New Haven, and Hartford Railroad” 
by L. O. Sinderson. Attendance 67. 

University of Kansas.—March 30, 1922. Informal talks 
were given by Mr. R. I. Parker, General Electric Company’s 
Chicago representative, and Mr. Pfeif, General Electric Company, 
Schenectady, N. Y. Attendance 45. 

April 1922. Joint meeting with local Branches of A. S. M. E. 
and A. S.C. E. Mr. Harry Hunter, of the Herrington, Howard 
& Ash Engineering Company of Kansas City, gave an illustrated 
talk on Russia. Attendance 34. 

Lafayette College.—March 30, 1922. Subjects: “History, 
Construction and Uses of the Electric Furnace” by Lester J. 
MeMackin; ‘Uses of A-C. Motors on High Speed Elevators” 
by Leonard Spaulding. Attendance 16. 

April 6, 1922. Inspection trip to William Wharton Jr. Foun- 
dry and Machine Shops at West Ward, Easton, Pa. There the 
electric furnace was explained by the engineer in charge; the 
whole power system of the works was looked at. Attendance 16. 

April 20, 1922. Subjects: “Description of the Delaware 
River Plant of the Philadelphia Electric Company,” by Mr. 
George A. Moore; and “‘Electricity on the Automobile,” by Fred 
L. Suttle. Attendance 16. 

April 27, 1922. Subject: ‘Electron as Applied to Wireless 
Telephony.” Speaker: Mr. Donald Roseberry. Attendance 16. 

University of Maine.—April 26, 1922. Subject: “The 
Design of Electrical Machinery.” Speaker: Professor Hill. 
Attendance 16. 

University of Michigan.—May 3, 1922. Election of officers 
as follows: Chairman, R. N. Olds; Vice-Chairman, C. C. Farnam 
Secretary, A. J. Martin; Treasurer, Ray Van Volkenburg. At- 
tendance 22. 

University of Minnesota.—April 24, 1922. Joint meeting 
of the Minnesota Section and the University of Minnesota 
Branch. Subject: “The Electrification of the Chicago, Mil- 
waukee and St. Paul Railroad.” Speaker: Mr. A. B. Baker. 
The lecture was illustrated with slides and films. Attend- 
ance 350. 

May 3,1922. Subject: “The Northern States Power System,” 
Speaker: Mr. Whiton, of the Northern States Power Company. 
Attendance 21. 

University of Nebraska.—April 13, 1922. Subject: ‘“Pub- 
lie Relations.” Speaker: Mr. Horace M. Davis, Secretary 
Nebraska Section, N. BH. L. A. Refreshments were served. 
Attendance 50. 

University of North Carolina.—May 4, 1922. Subjects: 
“The Reaction Turbine” by Mr. C. G. Mauney; ‘Development 
of Radio Telephony” by Mr. J. L. Pressley. Attendance 34. 

University of North Dakota.—April 10, 1922. Subject: 
“How Engineers Celebrate at Other Colleges.”” Speaker: Mr. 
Albert W. Cook. Attendance 21. 

Oklahoma A. & M. College.—April 18, 1922. Subject: 
“Wngineering as a Profession.”” Speaker: Professor W. J. 
Miller. Attendance 28. 
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April 24, 1922. Open meeting. The following films, fur- 
nished by courtesy of the General Electrie Company, were shown: 
three reels ‘‘The King of the Rails’; two reels ‘‘The Panama 
Canal’; one reel ‘“‘The Electrical Giant’’; one reel ‘‘Microscopic 
Views of Asphalt.” Attendance 350. 

May 1, 1922. Open meeting. Subject: “The Electrification 
of the Transcontinental Line of the Chicago, Milwaukee and St. 
Paul Railway— Intimate Details of Installation and Construc- 
tion’’ (illustrated). Speaker: Mr. F.R.Sheeden. Attendance 
800. 

Rutgers College.—April 20, 1922. Subjects: ‘‘The Use 
of Imaginary Numbers in the Solution of Alternating-Current 
Problems” by T. P. Brown, ’22; and ‘“‘A Short History of Electric 
Traction’ by Professor F. F. Thompson. Attendance 10. 

May 11, 1922. Election of officers as follows: Chairman, C. 
S. Beattie; vice-chairman, J. Glatzel; Secretary-Treasurer, HE. 
H. Erickson; recording Secretary, H. F. Searr. Talk by Pro- 
fessor F. C. Van Dyck, on his experiences during fifty years at 
Rutgers. The talk was followed by a smoker and refreshments. 
Attendance 31. 

University of Southern California.—<April 19, 1922. 
Subject: “The Relation of Physies to Modern Engineering.”’ 
Speaker: Dr. J. A. Anderson, of the Mount Wilson Observatory, 
California. Attendance 12. 

Virginia Military Institute.—April 27, 1922. Combined 
_ meeting of all engineering societies. Subject: ‘Asphalt and Its 
Uses in Engineering.” Speaker: Mr. Rosengarten, of New 
York. Attendance 200. 

May 1, 1922. Subject: “The Operation of a Large Industrial 
Plant in which Electricity is Used.’’ Speaker: Mr. W. P. 
Venable. Attendance 61. 

University of Virginia.—April 12, 1922. Subjects: ‘‘The 
Vacuum Tube” (illustrated), by Mr. John Mills, of the Western 
Electric Company; “Sanford Riley Stokers” (illustrated), by 
Mr. W. M. Smith, ‘““Westinghouse Steam Turbine ’’ (illustrated), 
by Mr. W. N. Brown. A Westinghouse picture ‘‘The Romance 
of Rails and Power’ was shown. Attendance 125. 
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University of Washington.—May 2, 1922. 
“The 'Telechrometer.” Speaker: Major Garrison Babcock, 
President of the Seattle Chapter of the American Association 
of Engineers. Several photographs and a model were shown. 
Attendance 20. 

West Virginia University.—April 24, 1922. Subjects: 
“Vacuum Tubes for Amplification” by A. C. Price; “Pleetrifi- 
cation of Railroads” by Fitzhugh Donnelly; ‘Invention of the 
Telephone” by C. D. Ernest; ‘Comparative Cognitive Reac- 
tion-Time” by R. Mendelsohn. Attendance 22. 

May 8, 1922. Subjects: ‘‘Principles of Rate Making” by 
R. K. Parks; ‘Development of Electric Railways” by H. Chand- 
ler; “Sale of Service by Practising Engineers” by A. F. Richards; 
“Hydroelectric System of Ontario” by J. R. Richards; “‘Selec- 
tion of Apparatus for Electric Cranes’? by C. C. Cantner; 
“Power Distribution by Aerial Cables’ by C. Snyder; ‘“‘Indus- 
trial Lighting’ by L. T. Faulkner; ‘‘Interconnection of Central 
Stations” by G. A. Moffet. Attendance 25. 

University of Wisconsin.—May 3, 1922. Subject: ‘“Chi- 
cago, Milwaukee and St. Paul Railroad Electrification.”’” Speaker: 
Mr. E. M. Lunda. Attendance 17. 

Yale University.— April 2, 1922. Second of a series of talks 
on ‘Psychology’? by Professor Angier, of the Psychology De- 
partment, and Dean of Freshmen, Yale University. Attend- 
ance 50. : 

April 9, 1922. Third and last of a series of talks on ‘‘Psy- 
chology’ by Professor Angier. Attendance 50. 

April 10, 1922. Subject: “Electrochemistry.” Speaker: 
Professor L. B. Johnston, of the Department of Chemistry, 
Yale University. Attendance 12. 

April 21, 1922. Meeting held under auspices of Yale Branch 
for the benefit of those attending a short course for electric 
metermen at the University. Subject: ‘‘Will the Electric 
Utility Business Grow.’’ Speaker: Mr. M. H. Aylesworth, 
Executive Manager, N. E. L. A., New York. Attendance 75. 

April 25, 1922. Subject: “Psychology and the Engineer.” 
Speaker: Professor R. P. Angier. Attendance 100. 
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OPPORTUNITI ES.— Desirable opportunities for service from responsible sources are announced in this Bulle- 


tin, and no charge therefor is made. 


MEN AVAILABLE.—Under this heading brief announcements (not 


published without charge to the members. 


more than fifty words) will be 


Announcements will not be repeated except upon request received after a 


period of three months, during which period names and records will remain in the active files. 
NOT E.—Notices for the JOURNAL should be addressed to EMPLOYMENT SERVICE, 33 West 39th 
Street, New York, N. Y., the employment clearing house of the Societies constituting the Federated American Engi- 


neering Societies, and not to the A. I. E. E. 


Notices for the JOU RN AL are not acknowledged by personal letter, but uf received prior to the 16th of the month 


will appear in the issue of the following month. 


All replies to either “Opportunities” or ‘Services Available” should be addressed to the key number indicated in 
each case and forwarded to EMPLOYMENT SERVICE, as above. 


Replies received by the bureau after the position to which they refer has been filled will not be forwarded, and will 


be held by the bureau for one month only. 


Information regarding the notices published is on file in the offices of the member societies of the Federated Amer- 


ican Engineering Societies. 
OPPORTUNITIES 


CONTROLLERS has opening for 
who is familiar with design and application of York City. 
a-c. and d-c. magnet controllers. Position re- 
quires man who has had considerable experience in 
this line of work and who is capable of taking outdoor 


engineer desirable. 
V-505. 


and controllers for special application. Liberal stating age, 


salary. Location New York City. V-444, Location, Pittsburgh, Pa. 
YOUNG SALESMAN for electric motors, j 


should be member A. T. 
LARGE MANUFACTURER OF MAGNET first, not 1921 graduate. 
Application by letter. 


DESIGNERS of electrical switching apparatus, 
oil circuit breakers, carbon circuit breakers and 
Switching devices. 
charge of the development of a line of contractors technical school preferred. 


experience 


ERECTING ELECTRICAL INSPECTOR to 


Ei. 
Contractor's knowledge in either Seattle or San Francisco. 
Location, New located in this vicinity. 


Application by letter. 


Graduate of good beginning October 1. 
Application by letter With drafting room experience. 
and salary expected, letter. Location, Ohio. V-549. 
V-514. 


Subject: _ 


Selling ability handle work on the Pacific Coast. Will be located 
Must be 
Positions also open in 
Pittsburgh, Louisiana, Georgia and St. Louis. 
Salary not stated. V-548. 
INSTRUCTOR in engineering drawing, year 
Young technical graduate 
Application by 


ENGINEER with extensive design experience 
on fittings for overhead catenary line construction 
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and transmission lines. In replying, state age 
experience and salary expected. Location, Pitts- 
burgh, Pa. V-557. 

EN GINEER who has had considerable ex- 
perience in designing and building special forging 
machines or heavy duty machines. Application 
by letter. Salary not stated. Location, Atlanta 
Ga. V-613. ; 

: RESEARCH ENGINEER. Attractive posi- 
tion with exceptional opportunities for future 
open to man having right qualifications. Re- 
quires ability to apply sound scientific principles 
and reasoning to analysis and solution of wide 
variety of general technical problems demanding 
fundamental research. Problems are mainly in 
general field of mechanical engineering, although 
many aretypicalproblems of physicsand chemistry, 
some requiring special mathematical ability. 
Applicants should have not less than five years 
active experience in research along lines indicated 
above. Should have advanced scientific as well 
as engineering training, with special regard to 
fundamentals rather than to details of engineer- 
ing practise. Such courses of instruction for 
instance, as lead to advanced degrees in physics, 
chemistry and mathematics, with special reference 
to mechanics and thermodynamics are of much 
importance. Equally important is sound knowl- 
edge of practical engineering problems and appre- 
ciation of various factors which must be considered 
in applying scientific analysis to these problems. 
Applicant should state particularly lines of engi- 
neering with which he is familiar and extent of 
acquaintance with other engineers in these lines. 


Ability to summarize scientific and technical © 


papers and to write up technical material for 
publication is of importance, as is ability to main- 
tain cordial relations with other engineers en- 
gaged in similar lines of work. Application by 
letter. State when available and salary. Loca- 
tion, New York City. V-629. 

INSTRUCTORS (2) for term beginning next 
September for department of Physics. Work 
will consist in total of not more than fourteen 
hours weekly with recitation and laboratory 
sections in elementary physics. Possession of a 
doctor’s degree by candidates is not absolutely 
essential but it is desired to find men who are 
interested in physics and who may be counted 
upon to go forward in their studies. Every 
encouragement in the way of arrangement of 
schedule of hours and in securing facilities for 
research will be given. Application by letter. 
Location, New York City. V-637. 

TIME STUDY EXPERT for job analysis and 


production control. Application by letter. Sal- 
ary not stated. Location Des Moines, Ia. 
V-654. 


ENGINEER, high grade, familiar in manu- 
facture of wireless sets, knowing costs, etc. Right 
man can create his own opportunity. Applica- 
tion by letter Salary not stated. Location, 
New York City. V-672. 

SALESMAN to sell wiring contracts and elec- 
tric fixtures. Should have some knowledge of 
the contracting business. Location, New York 
City. Commission only. Application in person. 
V-681. 

RADIO RESEARCH ENGINEERS AND 
PHYSICISTS. University or commercial radio 
research experience. Must be able to plan and 
carry out independent experimental investigations 
in field of short and long-distance wave transmis- 
sion, radiotelephone receivers and transmitters, 
and kindred subjects. Write, including refer- 
ences to publications, experience, salary desired 
and time of availability. Application by letter. 
Salary not stated. Location, New York City. 
V-681. 

SALESMAN to sell electric tools, Wallace 
planers, jointers, saws, etc; also Van Dorn electric 


tools. An excellent line of goods and good chance 
to earn. Application in person. Commission 
basis. Location, New York City. V-795. 


ELECTRICAL ENGINEERING GRADU- 
ATE, with experience in testing, to plan and super- 
vise test work and analyze results thereof. Good 


“concern. 


INSTITUTE AND RELATED ACTIVITIES 


opportunity for ambitious young man. Applica- 
tion by letter. Location Yonkers, N. Y. V-825. 

SALESMAN to handle asbestos products, 
especially pipe covering. Knowledge of con- 
tracting and sales experience necessary. Appli- 
cation by letter. Salary and commission. Lo- 
cation, New Jersey. V-831. 

EXPERIENCED SALESMAN to handle the 
sale of a line of quality dial gages. Should have 
experience and acquaintance among users of this 
product. Application by letter. Salary not 
stated. Headquarters, New York City. V-837. 

SALESMAN to sell machinery or electrical 
tool equipment. Application in person. Salary 
not stated. Headquarters, New York City. 
V-838. ; 

ENGINEER who has had some familiarity 
with heavy steel material (not structural steel) 
such as banks and heavy chemical equipment, 
from construction and sales standpoint. Appli- 
eation by letter. Headquarters, New York City. 
‘V-842. 

ELECTRICAL ENGINEER who has had 
actual practical experience in the construction 
of electric cooking and heating apparatus from 
both designing standpoint as well as manufac- 
turing standpoint. Application by letter. State 
salary expected and give full details with reference 
to experience. Location, Ohio. V-855. 

GENERAL INSPECTOR for company manu- 
facturing gold-filled watch cases. Experience in 
this line absolutely essential. Application by 
letter only. Salary not stated. Location, Ohio. 
V-856. 

ELECTRICAL ENGINEER. With experi- 
ence on transformer design. Splendid opportu- 
nity. Application by letter stating age, education 
and practical experience. Location, Pa. V-867. 

RADIO SALESMAN (4 or 5). Application 
in person. Commission basis. Headquarters, 
New York City. V-869. 

ESTIMATOR for plumbing and heating. One 
who can talk to builders, estimate and get busi- 


ness. Must understand the plumbing and heat- 
ing business. Application by letter. Salary not 
stated. Location, New York City. V-871. 


ELECTRICAL DRAFTSMAN. Must be ex- 
perienced on power house and substation work, 
Will not consider anyone who has not had this 
experience. Application in person. Salary not 
stated. Location, Brooklyn, N. Y. V-873. 

SALES ENGINEER familiar with officials of 
public utility, properties, particularly those in 
New York City. V-881. 

ENGINEER familiar with magnesium and 
magnesium alloys, their properties, applications 
and market. Man with some salesman experi- 
ence preferred. Headquarters, New York City. 
Application in person. Permanent connections 
and attractive terms for right man. V-883. 

PIPE COVERING ESTIMATOR. Must 
have actual experience on the various types of 
heating and ventilating systems. Application by 


letter. Salary not stated. Location, New York 
City. V-904. 
ESTIMATORS. Trained salesman to follow 


up architects and builders in and about New York 
City and obtain contracts for electrical construc- 
tion; also follow up industrial establishments for 
orders for yearly maintenance and repair of elec- 
trical machinery and elevators. Opportunity for 
able man to become essential part of established 
Commissions, drawing account and 
bonus. Application by letter. Headquarters, 
New York City. V-913. 

SALES ENGINEERS for company manufac- 
turing stokers for New York City, South Ohio 
with headquarters in either Columbus or Cincin- 
nati, and St. Louis. Proposition with exception 
of New York is straight commission one with 
drawing account commensurate with amount of 
business being closed by the men, although in 
New York City, we desire a man either on com- 
mission or on salary and bonus arrangement. 
Should be thoroughly posted in combustion work 
and well acquainted in their respective fields with 
power plants and various engineering offices, etc. 
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Application by letter. 
Mass. V-917. 

MECHANICAL or ELECTRICAL ENGI- 
NEER with some operating experience. Should 
have a thorough knowledge of physics, especially 
thermodynamics. Experience in operation and 
design of temperature and pressure instruments 
and flow meters is essential. Work in instru- 
ments control departments covers design and 
control of a large variety of instruments used in 
manufacture of automobile tires. Most of work 
is laboratory. Application by letter. Salary not 
stated. Location, Ohio. V-924. 

ENGINEER with experience in designing 
switchboards and men who have experience in 
diagram work in connection with thelayout of pow- 
er houses and substations. Application by letter. 
Salary not stated. Location, Pa. V-954. 

YOUNG ENGINEER for experimental work, 
to write reports, descriptions, etc. Recent graduate 


Headquarters, Boston, 


considered. Application by letter. Location, 
New York. V-957. 
ELECTRICAL REPAIR MAN and 


TROUBLE SHOOTER. Should be graduate 
E. E. Must know Spanish. Single man pre- 
ferred. Position will lead to foreman of repair 
shop. Application by letter. Salary not stated. 
Location, Chile. V-982. 

FOREMAN of‘‘Inst. Laboratory.’’ Position 
requires man with thorough knowledge of elec- 
trical indicating instruments both portable and 
station type, such as wattmeters, voltmeters, 
ammeters, etc. Prefer technical graduate or man 
who has had previous practical experience along 
this line, which would be equivalent to technical 
education. Application by letter. Salary not 
stated. Location, New Jersey. V-993. 

ENGINEER with 10-15 years experience in 
elevator business, man with sufficient presence 
and ability to meet leading engineers in building 
industry and assist them in calculating size, 
number, speed and load of elevators for any 
particular building. Application by letter. Sal- 
ary not stated. Location, Pa. V-994. 

ENGINEERS electrical, mechanical, railroad, 
interested in electrification of Siberian industries 
and railways. Application by letter giving age, 
experience, and reference. Location, Siberia. 
V-997. 

SALES ENGINEERS, chemical or mechanical. 
Several engineers to handle state territories on lib- 
eral commission basis. Company manufactures 
alloy combining unusual wearing qualitiesasa bear- 
ing metal, remarkable acid resistance, and great 
strength. Castingsare made from 15 to 60 seleres- 
cope, and from 75,000 to 100,000 pounds per 
square inch tensile strength. This metal has 
been on the market for eight years and is widely 
used by many nationally known concerns. An 
automobile valve, made of this alloy, is meeting 
with instant success wherever it has been intro- 
duced. The sales rights for this valve will be 
given along with other lines and will show a 
profit from the start. Applicants should state 
age, education, experience in detail, and choice of 
localities. Recent photograph desirable. Head- 
quarters, Wisconsin. V-1001. 

SALES MANAGER for roofing department, 
to take care of office correspondence. Prefer- 
ably one who knows New England territory and 
something of building construction and merchan- 
dizing. Application in person. Salary not stated. 
Location, Boston. Headquarters, New York City. 
V-1007. 

ENGINEER with thorough knowledge of 
passenger traffic routing on railroads. Applica- 
tion in person. Salary not stated. Location, 
New York City. V-1013. 

GRADUATE ELECTRICAL ENGINEER 
with managing editorial experience. This experi- 
ence absolutely necessary. Application by letter. 
Location, New York State. V-1039. 

ELECTRICAL SALES ENGINEER. Trans- 
former specialist. Travel about half time. Ap- 
plication by letter. Headquarters, New York 
City. V-1041. 
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ELECTRICAL SALES ENGINEER. Elec- 
trical apparatus sales. Application in person 
by appointment. Location, New York City. 
V-1042. 

ENGINEERS experienced in corrugated paper 
production. Application by letter. Salary not 
stated. Location, Brooklyn, N. Y. V-1068. 

OPERATOR on corrugated paper machines. 
Application by letter. Location, Brooklyn, N. Y. 
V-1069. 

FOREMAN OF BLACKSMITH and FORGE 
SHOPS. Will have under jurisdiction groups of 
men and must be man who understands require- 
ments of occupations of following: Press and 
hammer Forgers, Blacksmiths, Furnace heaters 
and their various helpers. Must be tactful, re- 
sourceful, confident and be able to coordinate work 
of his department with that of other departments, 
such as machine shops, foundries, structural shop 
and locomotive repairs. Must be experienced 
blacksmith, familiar with general, light and heavy 
forgings such as connecting rods and main frames 
of large locomotives. To make forgings from 
drawings, templates or samples, such shapes as 
erank shafts, axles, heavy crane hooks and mill 
spindles. Must be experienced forge shop heater, 
familiar with large oil heating furnaces, 800-ton 
press and a 6000-lb. double stand forging hammer, 
heating and forging steel billets up to 30 inches. 
Must be capable of cutting, forging, shaping and 
hardening various kinds of high-speed steel or 
other grades of steel, all kinds and shapes of 
cutting tools required for the lathe, planer, boring 
mills and other machine tools, chisels, cutters 
and various special tools. Application by letter. 
Salary not stated. Location, Ohio. V-1076. 

SALESMAN who is interested in heating appli- 
ances and has some electrical education. Com- 
pany makes apparatus and salesman has chance to 
work up to production manager. Application by 
letter. Commission basis. Headquarters, New 
York City. V-1085. 

ELECTRICAL ENGINEER. Should be col- 
lege graduate of not less than 3 or 4 years experi- 
ence and be familiar with design of d-c. motors as 
well as control apparatus. Experience in this 
line in connection with electric traveling cranes 
will be particularly valuable. Application by 


letter. Salary not stated. Location, Mich. 
V-1092. 
EXPERIENCED SALES ENGINEER fa- 


miliar with mechanical and electrical industrial 
plant equipment. Wehave 5 very high-class ex- 
clusive accounts in this territory, covering state of 
Conn., northern N. J. and N. Y. City, together 
with export trade. Not interested in man who has 
not had necessary sales experience or who has not 
ability and confidence in himself to be an asset to 
company on commission basis. Receive all in- 
quiries in this territory from manufacturers whom 
we represent and at present time have more than 
we can handle. High-class man might secure 
25 per cent interest in business and prefer man 
who would be interested financially. Applica- 
tion in person. Headquarters, New York City. 
V-1093. : 

ELECTRICAL ENGINEER with some experi- 
ence in design of fractional horse power motors. 
Job is for a junior engineer but prospects for 
advancement to senior engineer are very encourag- 
ing. Our distinction between junior and senior 
engineers is that the former does routine work 
under the guidance of one of the latter who has 
responsible charge of design. Must be an Ameri- 
can and must have graduated with dezree of B.S. 
in electrical engineering from a University of good 
standing and must submit with application a 
photograph and three references in addition to a 
complete statement as to training and experience. 


Application by letter. Salary not stated. Loca- 
tion, Mo. V-1095. 
SALESMAN, young man to sell radio ap- 


paratus. Have three propositions (1) salary, (2) 
commission, (3) exclusive arrangement. Appli- 
cation in person. Salary not stated. Head- 
quarters, New York City. V-1096. 


INSTITUTE AND RELATED ACTIVITIES 


HIGH-CLASS SALES EXECUTIVE. Want 
a strictly honorable man as company has a secret 
process and interested rivals. Will have salesmen 
under his direction, must travel extensively. 
Must know spinning lathes, and have knowledge 
working of copper, aluminum and silver, as used in 
silverware, cooking pots, etc. High-class machin- 
ery salesman desired. Age 30-35. Headquarters, 
New York City. Application by letter. Salary 
and percentage of net sales. V-1134. 

INSTRUCTOR. Electrical engineering. 
Must be technical graduate. Teaching or test 
experience desirable. Location, Ohio. V-1151. 

MANAGER of small gas works and electric 
distribution. Must know gas manufacturing and 
have electric distribution experience. Applica- 
tion by letter. Salary not stated. Location, Pa. 
V-1158. 

PUBLIC UTILITY SALES. Must have ex- 
perience in central station work and also central 
station sales. Not less than 5 years experience. 
Graduate E. E. Application by letter. Salary 
not stated. Location, Pa. V-1159. 

RECENT GRADUATES in mechanical or 
electrical engineering on relay adjustment work. 
Will be given training course. Age 20-28. Ap- 
plication in person. Location, New York City. 
V-1171. 

YOUNG MEN. Age 20-28 years. Must have 
two years college or be a graduate in mechanical 
or electrical engineering. Will give three months 
training on circuit work. Application in person. 
Location, New York City. V-1172. 


COLLEGE GRADUATES in mechanical or. 


electrical engineering who have had some super- 
visory experience (about 4 or 5 years) on small 
interchangeable apparatus such as typewriters or 
adding machines or electric switchboards. Salary 
$30-40, per week. Application in person. Loca- 
tion, New York City. V-1173. 

COLLEGE MEN with scientific education for 
estimating. Estimating to consist in costs of 
installation of electrical apparatus, cost of labor 
and material. Must have had estimating experi- 
ence. Salary not stated. Application in person. 
Location, New York City. V-1174. 

ASSISTANT SUPERINTENDENT of meter 
and test department. Must have executive 
ability, age 25-35 years, college education in elec- 
trical engineering, must have 5 years experience in 
central station work, have good knowledge of 
substation generator station switchboard wiring, 
switchboard instruments and relays, and must also 
have good knowledge of metering on consumer’s 
premises, the methods of determining maximum 
demand and of alternating-current theory. Appli- 
cation by letter. Salary $2600-3000. Location, 
New York City. V-1182. 

ELECTRICAL ENGINEER with extensive 
knowledge of station switchboard wiring and pro- 
tective apparatus, and general laboratory testing. 
Age 25-35 years. Application by letter. Salary 
not stated. Location, N. Y. City. V-1183. 

SALES ENGINEER for manufacturer of steel 
transmission poles and towers; must be well edu- 
cated in electrical engineering, have working 
knowledge of steel construction; preferably man 
with experience in the sale of transmission towers. 
Give complete information as to education, experi- 
ence, salary, trade experience, references. Also 
if possible, send photograph. Position has large 


possibilities for the right man. Headquarters 
Chicago, Ill. V-1191. 
PRECISION METER (liquid) DEVELOP- 


MENT ENGINEER. Must have had this ex- 
perience. Application by letter. Salary not 
stated. Location, N. J. V-1217. 

SALES ENGINEER must have experience in 
the design, manufacture and assembling of con- 
trollers. Only experienced man will be considered. 
Application by letter giving age, education and 
experience. Salary not stated. Location, Pa. 
V-1225. 

ENGINEER to have charge of the assembling 
of controllers. Must have design and shop experi- 
ence in this line of work. Only experienced man 
will be considered. Application by letter giving 
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age, education and experience. Salary not stated. 


Location, Pa. V-1226. ‘ 
SALES ENGINEERS for New York, Pitts- 
burgh and Detroit. Every new man taken on 
will put in a period of from one to three months 
in the shop as an ordinary workman doing work 
that will be of value to him as a salesman, after 
which he will be put in the field on actual erection 
of product for a similar period, following this will 
be put in the Cleveland Office for a sufficient 
length of time to become familiar with forms and 
general policies. After this period will be put in 
one of our offices which are already established as 
a junior salesman, after which time salary will be 
determined by results. As we are contemplating 
opening new offices in Boston, Philadelphia, 
Buffalo, Chicago, Cincinnati, during the course of 
next two years, every man in sales department 
will have opportunity of qualifying for position 
of District Manager. Application by letter. 
Location, New York, Pittsburgh and Detroit. 
Headquarters, Cleveland. V-1229. 

HEATING and VENTILATING ENGI- 
NEER. Will consider man who has 3-4 years 
heating and ventilating experience in contractors 
office. Men without this experience will not be 
considered. Application in person. Salary not 
stated. Location, New York City. V-1235. 

SALES MANAGER of exceptional ability 
with electrical jobbing and retail experience. 
Knowledge of radio essential." Must be good exec- 
utive and capable of organizing and keeping a 
large force of salesman working at top notch. 
Remuneration commensurate with ability; salary 
and bonus. Application by letter giving per- 
sonal characteristics, business experience in detail 
and when services are available. Location New 
York City. V-1238. 

MANAGER of engineering department to 
have charge of testing and installation of radio 
receivers, also of service department. Must bea 
good executive and an experienced radio engineer. 
Application by letter giving full details of experi- 
ence, age, references and when services will be 
available. Salary not stated. Location, New 
York City. V-1239. 

SUPERINTENDENT to look after a number 
of jobs of electrical construction work. Perma- 
nent position and should offer good opportunity 
for advancement, to the man who can fill it. 
Must have had much experience in practical elec- 
trical construction work upon buildings, power 
plants, etc., be able to handle men and must be 
ambitious and willing to work hard and assume 
responsibility. Application by letter. Salary 
not stated. Location, New Jersey. V-1252. 

SALESMAN for radio apparatus. Applica- 
tion by letter. Commission and drawing account 
if desired. Headquarters, New York City. 
V-1253. 

RADIO ENGINEER, thoroughly conversant 
with recent radio development, who is resourceful 
and thoroughly competent to work out problems 
incident to a radio setand necessary appurtenances 
thereto. Application by letter. Salary not 
stated. Location, New Jersey. V-1276. 

ESTIMATOR, young, experience in estimating 
construction of overhead distribution and trans- 
former installations in suburban districts. Posi- 
tion is with rapidly growing public utility in 
western New York. Pay moderate to start until 
applicant has demonstrated ability to earn more. 
Second choice young electrical student with good 
theoretical understanding of principles of over- 


head line construction and distribution. Excep- 
tional opportunity for advancement. Applica- 
tion by letter giving all particulars. Location, 


New York State. V-1280. 

YOUNG MAN to supervise the grinding of 
Manganese castings. Applicant must have had 
experience in this work. Location, Ohio. V-258. 

ELECTRICAL ENGINEERS (2), age 26-32, 
for local managers or superintendents in charge 
of local offices, handling commercial work, mainte- 
nance and operation of low-tension lines for power 
and light distribution Protestant, American with 
operating and commercial experience preferably. 
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Trained for 1-4 months. Application by letter. 
Location, Pictsburgh, Pa. V-1286. 

INSTRUCTOR IN ELECTRICAL ENGI- 
NEERING, Sept. ist, in state institution of 
recognized standing, Will be given recitation 
and laboratory section in direct and alternating 
currents, largely dependent upon choice and 
preparation. Application by letter. Location 
Mid-West. V-1310. 

INSTRUCTOR IN ELECTRICAL ENGI- 
NEERING beginning Sept., 1922. Application 
by letter. Salary not stated. Location, Pa. 
V-1312. 

ENGINEER to take new development work 
from designing department and O. K. for pro- 
duction department. Radio experience essential. 
Application by letter giving age, education, 
experience. Must be at least 35 years of age. 
Location, New York City. V-1373. (Salary 
not stated). 

TECHNICAL GRADUATE who has had a 
few years experience. Work will consist of 
drafting and field work in connection with hy- 
draulic. power house extensions, substation 
and transmission line designs and construction. 
Application by letter stating age, whether married 
or single, experience, education and amount 
of salary expected. Location, Pa. V-1382. 


MEN AVAILABLE 


ELECTRICAL ENGINEER—Technical grad- 
uate; Assoc. A. I. E. E., age 28. Six years experi- 
ence in testing laboratory radio, chief engineer of 
marine installation and maintenance; remote 
control, machine tool application, estimating and 
construction work. Desires permanent position 
with well established company, planning, esti- 
mating and following up progress of jobs. Loca- 
tion preferred Newark or New York City; available 
one month, E-3349. 

INSTRUCTOR—Electrical Engineer, age 28, 
technical graduate (degree B. S. 1917) licensed to 
teach in evening high schools, desires to teach, 
evenings, engineering subjects in institution within 
commuting distance of New York City. E-3350. 

TRANSPORTATION ENGINEER—Age 26, 
B. S. in electrical engineering. Held a position 
as aid to consulting engineer making traffic and 
rate surveys for street railways. Capable of 
writing good engineering reports. At present 
employed on large system in the study of schedules 
and transportation. E-3351. ; 

GRADUATE ELECTRICAL ENGINEER— 
Age 27, Single. Desires opportunity with railway 
company which operates some electrification. 
Practical experience in wiring and motor repairs. 
Has constructive ability. Available in ten days. 
E-3352. 

YOUNG MAN—Age 23, single, will receive 
B. S. degree in electrical engineering next June. 
Student member A. I. E. E. Commercial course, 
speaks and writes Bohemian, studied Spanish. 
Location immaterial, foreign service considered. 
Not afraid of work. E-3353. 


ELECTRICAL ENGINEER—Technical grad- 
uate, age 28; 114 years on G. E. test, 2 years in 
electrical maintenance department of large brass 
factory, 114 years on design and manufacture of 
small motors. Desires permanent position as 
electrical maintenance engineer of industrial 
plant or as assistant to consulting engineer. 
E-3354. 


SALES ENGINEER, successful as branch 
office and sales manager as well as in personal 
selling, an experienced executive having manu- 
facturing and engineering experience. Member 
A.I.E.E. and A. 8. M.E. Location not mate- 
rial. Opportunity for advancement on merit, 
more important than large remuneration at start. 
Available at once. E-3355. 

TECHNICAL GRADUATE, Age 26, 183 Sto 
in Engineering, with two years experience instal- 
ling factory lighting and motors. Three months 
on Westinghouse Engineers course. Ten months 
with central station in charge of motor installa- 
tion with remote control. Also maintenance and 


INSTITUTE AND RELATED ACTIVITIES 


repair of electrical equipment. Has initiative 
ability. Desires position as assistant to executive 
E-3356. 

MANUFACTURERS AGENT—California 
and Southwest. Sales engineer, age 37. Wide 
acquaintance with electrical and manufacturing 
industries. Successful sales experience. Member 
A. TI. E.“E. and A. E. C. S. Desires to represent 
reliable manufacturing concerns on commission 
basis, either as direct salesman, as agent or as 
distributor. Correspondence solicited. Refer- 
ences furnished. E-3357. 

MECHANICAL and POWER ENGINEER— 
Technical graduate, B. S. and M. E., eight years 
éxperience, machine shop, metallurgy, sugar engi- 
neering, industrial and power plant practise, 
operation, design, layout calculations, heat bal- 
ance utilization and distribution of steam, water, 
coal, power, etc., investigation, research, reports. 
Executive and business ability. H-3358. 

ENGINEERING SALESMAN—Age thirty. 
Ten years experience in design of fuse, and ser- 
vice boxes, meter testing devices and moulded 
insulations, also limited wireless experience. Re- 
cently completed local sales course. Desires 
connection with sales force of live electrical organ- 
ization (Connecticut territory). Associate A. I. 
E.E. Available June Ist. E-3359. 

ADMINISTRATOR-ENGINEER, expert 
knowledge Latin-Americanand Spanish Language, 
knowledge French, German, seeks general man- 
agement tropical properties; or New York posi- 
tion as assistant to president, personnel director, 
secretary commercial association, executive with 
concern dealing with Latin-America, etc. H-3360. 

ENGINEER of broad experience in electric 
steam and hydro-power plant work, in the capaci- 
ties as superintendent, assistant or chief operator, 
covering all classes of power house, lines and sub- 
station construction. Age 41, married. Refer- 
ence furnished upon request. EH-3361. 

GRADUATE ELECTRICAL ENGINEER, 
M. I. T. 1915, seven years broad experience in 
testing construction, maintenance and service 
work desires position as assistant superintendent 
or assistant to chief engineer of power company, 
or large industrial company. Would consider 
road position in service or application work. 
E-3362. 

TECHNICAL GRADUATE electrical), Uni- 
versity of Wisconsin, age 33, single, desires posi- 
tion as engineer or assistant engineer with public 
utility company, but will consider any offer in 
any other capacity or in any other line. Nine 
years general engineering experience, most of which 
has been devoted to design, construction and 
operation of medium sized central stations, trans- 
mission lines and distribution systems. Now 
employed. Available after July first. H-3363. 

ERECTOR—Four years experience, construc- 
tion and installation. Executive ability. Tech- 
nical training. American, age 26, married. 
Available July 1st. E-3364. 

ELECTRICAL ENGINERR, B. 8S. in E. E., 
two years experience in transmission and dis- 
tribution engineering for large Illinois Company ; 
previously experienced in central station con- 
struction and operation, and in outside power 
wiring. Age 24 years. Desires responsible engi- 
neering position in or near Chicago. H-3365. 

GRADUATE ELECTRICAL ENGINEER— 
University of Toronto, Canada, age 22, experi- 
enced in the supervision, construction, mainte- 
nance and operation of hydroelectric systems, 
with the Ontario Hydro-Electric Power Commis- 


sion. Desires position with power company. 
Available on short notice. E-3366. 
TECHNICAL GRADUATE. B. S. E. EH. 


desires position in distribution, power sales or 
estimating department of central station com- 
pany. Would be interested in utility bond and 
commercial sales work or work in patent attorneys 
office. Single age 26, present employed teaching. 
H-3367. 

ENGINEER, technical graduate, 2 years G. EH. 
Test, 2 years assistant chief in 50,000-kw. station, 
1 year superintendent of betterment work in 


139 


3,000-kw. station and 55-ton ice plant, desires 
permanent connection with chance for advance- 
ment. Salary desired, $3,600. E-3368. 

ELECTRICAL ENGINEERING STUDENT 
desires an opportunity with an engineering, manu- 
facturing or contracting concern for the summer 
months with the expectation of making a perma- 
nent connection upon graduation in June 1923. 
Two years general business experience. Available 
end of June. E-3369. 

TECHNICAL GRADUATE, MANAGER— 
Member A. I. E. BE. and A. 8. M. HE. with fifteen 
years experience in railway and power distribution 
new business gas and electric, power house opera- 
tion, transmission lines, large power, at present 
manager with company $250,000 year gross. 
Desires position as manager in city of 25,000 or 
superintendent light and power or superintendent 
new business in larger city. Successful executive, 
tactful and energetic in public relations. | E-3370. 

TECHNICAL GRADUATE, age 29, Assoc. 
A. I. E. E., 2 years G. E. test, 4 years responsible 
experience in steam power plants, now general 
superintendent 3000-kw. modern turbine station, 
small electric railway and 2 40-ton ice plants. 
Desires position with consulting engineer which 
offers chance for advancement. Present salary 
$3400. E-3371. 

INSTRUCTOR—Technical graduate in elec- 
trical engineering who has had ten years practical 
experience with large manufacturer and public 
utilities desires to become instructor in some recog- 
nized college centrally located, where he can carry 
on consulting engineering work which would be 
to the best interest of the college and himself. 
H-3372. 

GENERAL MANAGER—Over twenty years 
experience in construction, operation, management 
public utilities. General manager large railway, 
gas and power company prior to the war. Know 
the business from the coal pile to the public. 
Successful Executive, energetic and _ tactful. 
Age 47, married, American, several years experi- 
ence abroad, speak Spanish, available now. 
E-3373. i 

PROFESSORSHIP OF MECHANICAL OR 
ELECTRICAL ENGINEERING desired. 
Must be an executive position. Teacher, engi- 
neer and writer. Age 33. E-3374. 

HYDROELECTRIC OPERATING MAN, 
15 years general power experience, past four years 
as superintendent of 40,000-h.p. hydroelectric 
station. Desires position with hydroelectric 
power company or pulp and paper interests. Will 
go anywhere. No objection to foreign service. 
E-3375. 

YOUNG ENGINEER—Graduate, 4 years 
experience. Design and construction small 
hydroelectric stations. Substations of all kinds. 
Electrical circuits, switchboards. Desires po- 
sition with engineers doing small hydroelectric 


developments or transmission lines. Would 
welcome experience in all phases of this class of 
work. H-3376. 


ELECTRICAL ENGINEER—Experienced in 
operation, maintenance and design of power 
plants, at present employed as assistant super- 
intendent of power company, desires a respon- 
sible position with progressive power company 
or large industrial plant. E-3377. 

ENGINEER. Assoc. A. I. BE. E., one year 
course practical engineering with Westinghouse 
Electric Company, East Pittsburgh, Pa. (six 
months test course) age 29, for sometime teacher 
of theoretical and practical electricity in Bahia- 
Brazil, speaks English and Portuguese fluently. 
Desires position in South America. E-3378. 

ELECTRICAL ENGINEER desires teach- 
ing or industrial connection. Two years experi- 
ence in night schools. Two years experience in 
incandescent lamp manufacture. No objection 
to travel but prefer East. Salary $2200. E-3379. 

ELECTRICAL AND MECHANICAL EN- 
NEER—Graduate of the University of Michigan. 
Age 26. Qualified to undertake design of steam 
generating stations, studies of heat balance, ete. 
Experience in engineering department of large 
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public service corporation. Wishes position of 
responsibility in connection with construction of 
steam power plants. H-3380. 


EXECUTIVE, COMMERCIAL ENGI- 
NEER—Graduate mechanical and electrical engi- 
neer, with factory and sales experience; extensive 
service in Europe and South America, covering 
construction, engineering, sales and exports; 
speaking French, with translation knowledge of 
Spanish and German, Also extensive experience 
in reports, appraisals, consolidations and claims. 
Desires position as executive or commercial 
manager, export or domestic, prefcrably sales 
or commercial engineering. E-3381. 

ELECTRICAL ENGINEER, age 29, technical 
graduate, former engineering officer in U. 8S. Navy, 
desires connection with construction company, 
or public utility. Ten years experience with 
both line and inside construction, considerable 
experience installing and repairing motors, gener- 
ators and  switchboards. Good reference. 
Young man who is not afraid of work. E-3382. 


EXECUTIVE AND SALES ENGINEER, 
with several years of actual experience in develop- 
ment and application of electrical apparatus to 
the industrial field, combined with mechanical 
engineering recommendations based on common 
sense methods. Desires position with manufac- 
turing company, as representative or sales agent 


To 
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ASSOCIATES ELECTED MAY 19, 1922 

AMES, ALFRED C., Chief Electrician, Provi- 
dence Gas Company, Sassafras Point, Provi- 
dence, R. I. 

ANDERSON, GEORGE NATHANIEL, Trans- 
mission Engineer, N. W. Beli Telephone Com- 
pany; res., 4024 Chicago Ave., Minneapolis, 
Minn. 

BAARSRUD, KNUD, Consulting Engineer, 
Mogens Thorsens gade 9, Kristiania, Norway. 

BACON, HAROLD RALPH, Sales Agent, 
General Electric Company, New Haven; 
res., 28 Academy Hill, Derby, Conn. 

BAILEY, WILLIAM HENRY, Technical As- 
sistant, Bureau of Engineering, Navy Dept; 
res., 2405 12th St., N. E., Washington, D.C. 

BARNETT, WALTER, Chief Clerk, Construc- 
tion Division, Distribution & Installation 
Dept., New York Edison Co., 130 E. 15th St., 
New York; res., 48 Woodside Ave., Woodside, 
INGE 

*#*BAZZEGHIN, FORTUNATO, Electrical Drafts- 
man, Thomas E. Murray Company, Inc., 
55 Duane St., New York, N. Y.; Hamden, 
Conn. 

BEACH, ALBERT BENJAMIN, District Sales 
Manager, Ludwig Hommel Company, 917 
Rose Bldg., Cleveland, Ohio. 

BELANGER, ERNEST, Shift Operator, Lauren- 
tide Power Company, Grand Mere, P. Q., 
Canada. 

BELL, BENNIE HAYSH, Chief Electrician, 
New Orleans Railway & Light Company, 
New Orleans, La. 

BENARD, ARTHUR G., Assistant Saiss Man- 
ager, Locke Insulator Corp., Victor, N. Y. 

BHOLE, SHANKER JAIRAM, 261 Broadway; 
res., 221 West 23rd St., New York, N. Y. 

BISSET, GEORGE, Relay Inspector, Potomac 
Electric Power Company; res., 3601 Hall 
Place, Washington, D. C. 

BLAKE, G. WALDRON, Standardizing Labora- 
tory, General Electric Company; res., Y. M. 
C. A., Lynn, Mass. 

BLINCOE, LEMUEL REED, Testing Dept., 
General Electric Company; -res., 779 State 
Street, Schenectady, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


for electrical and mechanical apparatus or equip- 
ment, or with operating company as engineer of 
same. H-3383. 

ELECTRICAL ENGINEER, Technical gradu- 
ate, age 32, married; eight years experience in 
power plant, substation, underground distribu- 
tion, lighting and industrial engineering. Capable 
of handling men and building an efficient organ- 
ization. Available one month after agreement. 
Best of references furnished upon request. H-3384. 

EXECUTIVE ENGINEER & MANAGER. 
Fel. A. I. E. E., M. A. Soc. C. E., nearly 20 years 
broad, general, active experience with large, 
high-voltage, hydroelectric systems, fully con- 
versant to take charge of investigations, construc- 
tion and management. Fully equipped to em- 
ploy men and use materials under worst condi- 
tions met with in foreign countries and remote 
from manufacturers, and to maintain satisfac- 
tory operation. Can speak Spanish. At present 
in senior position of British Government service 
in Near East but leaving shortly. Married. 
Location anywhere. Salary $6000. E-3385. 

GRADUATE ELECTRICAL ENGINEER— 
G. E. test, age 33, married. Have been chief 
safety engineer in workmen’s compensation 
field; excellent experience in safety code work. 
Now doing technical and publicity work in 
general insurance; present salary $4500. Would 
accept responsibility for safety, insurance or 


BOWER, GERALD A., Ice Machine Production, 
General Electric Company; res., 1212% 
Broadway, Ft. Wayne, Ind. 

BOWNE, LANGFORD J., Telephone Engineer, 
Western Electric Company, 463 West St., 
New York; res., Howard Beach, N. Y. 

BRAUN, CARL EDWIN, Assistant Chief Electri- 
cian, Crown Willamette Pulp & Paper Com- 
pany, Camas, Wash, 

BRECKEL, HARRY FREDERICK, Vice- 
President, General Manager, The Precision 
Equipment Company, Inc.,2437 Gilbert Ave., 
Cincinnati, Ohio. 

BROKEMYR, JOSEPH EVALD, Utah Power 
& Light Company, Terminal Substation, 133 
South West Temple St., Salt Lake City, Utah. 

BROWN, ROY ATKINSON, Assistant Pro- 
fessor, Electrical Engineering, Ohio State 
University, Columbus, Ohio. 

BUCKLEY, WILLIS A., Superintendent, Sub- 
stations, The Indiana & Michigan Electric 
Company, 102 N. Michigan St., South Bend, 
Ind. . 

BURMEISTER, HARRY WILLIAM, Substa- 
tion Operator, Commonwealth Edison Com- 
pany, 72 W. Adams St.; res., 708 Diversey 
Parkway, Chicago, Ill. 

CAMPBELL, TRISTRAM JOSEPH, Technical 
Report Writer, General Electric Company; 
res., 17 Sagamore St., Lynn, Mass. 

*CARDENAS F,, ARMANDO, Engineer, Mon- 
terey Iron & Steel Works, Apartado 206, 
Monterey, N. L., Mexico. 

CAROTHERS, FRED N., General Foreman, 
Substations, Boston Electric Railway Com- 
pany, 439 Albany St., Boston, Mass. 

CHARBONNEAU, L. HENRY, Electrical Drafts- 
man, Southern California Edison Company, 
Edison Bldg., Los Angeles; Orange, Calif. 

CHESTNUT, D. LEE, Small Motor Sales Dept., 
General Electric Company; res., 172 Wash- 
ington St., Lynn, Mass. 

CHIPPERFIELD, JOHN WILLIAM, Ferranti 
Meter & Transformer Mfg. Co., Ltd., 26 
Noble St.; res.,127 Spruce HillRoad, Toronto, 
Ont., Canada. 


Journal A. I. E. E. 


analytical work in industrial plant or utility” 
E-3386. 

GRADUATE ELECTRICAL ENGINEER— 
Age 32. Desires position with railway, Light 
or power company. Two years Westinghouse 
Elec. Co., testing dept. Two years experience 
on operation, maintenance and installation work 
of electrical equipment with industrial firm. 
Would appreciate opportunity to become con- 
nected with a public utility with opportunities 
for advancement. Would expect at least $1800 
to start. V-3387. 

ELECTRICAL ENGINEER. Married, age 
29, nine years experience in installation, mainte- 
nance and operation of d-c. and a-c. motors, 
generators and turbines, inside and outside 
wiring, train lighting, electric locomotive mainte- 
nance and construction, power plant construc- 
tion maintenance and operation. Associate 
A. I. E. E. Speaks French and German. Have 
taken Civil Service examination and attained 
grade 80 per cent. Reference. Will go any- 
where where there is chance for promotion. 
B-3388. 

ELECTRICAL ENGINEER—graduate, con- 
siderable general laboratory practise and indus- 
trial engineering experience desires position offer- 
ing good future. Theoretical and practical on 
radio. Age 27. Salary dependent upon posi- 
tion and location. E-3389. 


CLEMENTS, ALBERT H., Sub-Foreman, 
General Electric Company, Lynn; res., 15 
Bayview Ave., Nahant, Mass. 

CRIDER, NED, Engineering Dept., Union 
Electric Light & Power Company, Lockwood 
& McClure Sts., Webster Groves, Mo. 

CULVER, CHARLES O., General Superintend- 
ent, Eastern Shore Gas & Electric Company, 
Salisbury, Md. 

DAVIS, DEAN W., Charge of Engineering Dept., 
Dudlo Mfg. Company, Wall St.; res., 1425 
Columbia Ave., Ft. Wayne, Ind. 

DAVIS, ROBERT VERNON, Southern Bell 
Tel. & Tel. Company, Montgomery, Ala. 
DAWSON, JOSEPH CHESTER, Standardizing 
Laboratory, General Electric Company; res., 

11 Baker St., Lynn, Mass. 

DILKS, ARTHUR GWYNNE, Service Engineer, 
Canadian General Electric Company, 212 
King St. West, Toronto, Ont., Canada. 

DRAYTON, WALTER, Electric Service Inspec- 
tor, Bureau of Power & Light, City of Los 
Angeles; res., 702 N. Olive Ave., Alhambra, 
Calif. 

EISENSTADT, MAURICE, Designing Engi- 
neer, Henry R. Kent & Company, 5 Erie 
Ave., Rutherford, N. J.; res., 1051 Union 
Ave.. New York, N. Y. 

ELLIOTT, MARION BELLFIELD, Testing 
Dept.. General Electric Company; res., 779 
State St., Schenectady, N. Y. 

ELLIS, RALPH DELORIEA, Engineer, Thom- 
son Laboratory, General Electric Company; 
res., 57 Tucker St., Lynn, Mass. 


*EPSTEIN, HIRSCH, Chief Engineer, Hyperbo- 
Electric Flow Meter Company; res., 2523 
Lexington St., Chicago, Ill. 

ERICKSON, FRANK WILLIAM, Foreman, 
The New York Edison Company, 715 1st 
Ave., New York, N. Y.; res., 207 15th St., 
West New York, N. J. 

ERVINE, WILLIAM G., Operator, Baltimore 
Consolidated Gas & Electric Company, 
Westport Power House, Baltimore; res., 
1303 Belair Road, Raspeburg, Md. 
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FETZER, CARL McATER, Circuit Designer, 
Western Electric Company, 463 West St., 
New York, N.Y.;res.,180E. Pierrepont Ave., 
Rutherford, N. J. 

FISKE, JOHN M., Instructor, Electrical Engi- 
neering, Montana State College, Bozeman, 
Mont. 

FOLSOM, SHERMAN I., Superintendent of 
Substations, Potomac Electric Power Com- 
pany 231 14th St., N. W., Washington, 

FRASER, VERNESS, Denver Gas & Electric 
Light Company, Denver, Colo. 

FROST, LLOYD WILKIN, Assistant Electrical 
Engineer, Erner & Hopkins Company; res., 
224 Crestview Road, Columbus, Ohio. 

GATES, ARTHUR HENRY, Assistant Fore- 
man, Thomson Laboratory, General Electric 
Company, Lynn; res., 16 Beach St., Revere, 
Mass. 

GAUSS, CHARLES HENRY, Electrical Me- 
chanic, Penna. Water & Power Company; 
res., 2402 E. Fayette St., Baltimore, Md. 

GOMER, LOUIS F., Chief Electrician, British 
seats Mfg. Company, Victory Mills, 

roca 

GRABLE, JOSEPH PATRICK, Engineering 
Dept., Dudlo Mfg. Company; res., 518 W. 
Wayne, Ft. Wayne, Ind. 

GRAFF, MURRAY GENSEL, Supply Salesman, 
Westinghouse Elec. & Mfg. Co., 1062 Gas & 
Electric Bldg., Denver, Colo. 

GRECE, CHARLES JOSEPH, Assistant Gen- 
eral Foreman, The New York Edison Com- 
pany, 715 1st Ave., New York, N. Y. 

GREER, HUGH DUNLAP, Low Tension Dis- 
patcher, Potomac Electric Power Company, 
510 10th St., N. W.;1445 Massachusetts Ave., 
N. W.. Washington, D. C. 

GUTIERREZ, MIGUEL MESA, Testing Dept., 
General Electric Company, Schenectady, 
INE Y= 

HAHN, HAROLD W., District Sales Manager, 
Duplex Lighting Works, General Electric 
Company, 6 W. 48th St., New York; res., 
640 DeKalb Ave., Brooklyn, N. Y. 

HALL, MERTON COLVIN, Dept. of Develop- 
ment & Research, American Tel. & Tel. 
Company, 195 Broadway, New Work Ne Yes 
res., 115 Delevan Ave., Newark, N. J. 

HALLE, SIMON, Sales Engineer, Edison Elec- 
tric Appliance Company, Inc., Commercial 
National Bank Bldg., Washington, D.C. 

HANCOCK, WINFIELD SCOTT, Instructor 
of Electricity, University of California, Los 
Angeles; res., 227 N. Templeton St., Hunting- 
ton Park, Calif. 

HARDAWAY, WARREN DUNHAM, Assistant 
Electrical Engineer, Denver Gas & Electric 
Light Company, Denver, Colo. 

HARRINGTON, JOHN W. Treasurer, Har- 
rington & Richardson Arms Company, 320 
Park Ave.; res., 1014 Main St., Worcester, 
Mass. 

HARTMANN, ZOLTAN, President & General 
Manager, Zoltan Hartmann Electric Co., 261 
E. 78th St., New York, N. Y. 

HATTON, WESLEY LEONARD, Switchboard 
Operator, Station F. Potomac Electric Power 
Company; res., 710 Rock Creek Church Road, 
N. W., Washington, D. C. 

HAUSS, ALBERT F., Manager, Albert F. Hauss 
Company, 4 W. 3rd St., Cincinnati, Ohio. 
HAYAT, SHAIK MOHMED, State Electrical & 
Mechanical Engineer, Udaipur, Meywar, Raj- 

putana, India. 

HENDERSON, WILLIAM McCREARY, Be- 
daux Engineering,General Electric Company, 
res., 15 Tudor St., Lynn, Mass. 

HERMANCE, CARL HERMAN, Substation 
Operator, Municipal Gas Co.;res., 312 Haven 
Ave.. New York, N. Y. 

HIXSON, ARTHUR GLENN, Foreman, Elec- 
trical Construction, West Penn Power Com- 
pany, Springdale, Pa. 

HOLDEN, WILLIAM HENRY TOWNE, En- 
gineer, American Tel. & Tel. Company, 195 
Broadway, New York, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


HOLLEY, OTTO B., Electrical Engineer, Michi- 
gan Northern Power Company; res., 207 
Barbeau St., Sault Ste. Marie, Mich. 

*HOPPER, FRANCIS LOGAN, Senior, Cali- 
fornia Institute of Technology; res., 315 8. 
Mentor St., Pasadena, Calif. 

HORN, GEORGE B., Sales Engineer, Dudlo 
Mfg. Company, Wall St., Ft. Wayne, Ind. 

*HOWIE, JOHN LLOYD, JR., Senior, Electrical 
Engineering, University of Illinois; res., 702 
W. Main St., Urbana, Ill. 

HULL, JOHN PATRICK, Office Manager, 
Chatham Electric Engineering, Inc., 1966 
Soe. res,, 211 W. 115th St., New York, 

mya : 

HUNTZICKER, PAUL, Municipal Engineer, 717 
Thatcher Bldg., Pueblo, Colo. 

HUTTON, WILLIAM THOMAS, Engineer, In- 
oS Light & Power Company, Galena, 

Ws 

INOUYE, IKUTARO, Electrical Engineer, Jap- 
anese Government Railways, Tokio, Japan; 
Mitsui & Company, No. 31-33 Lime St., Lon- 
don, E. C. 3, Eng. 

ITO, MASAJI, Electrical Engineer, Kawasaki 
Zosensho, Kobe, Japan. 

JACKSON, DONALD J., Sales Dept., Dudlo 
Mfg. Company; res., 801 W. Wildwood Ave., 
Ft. Wayne, Ind. 

JAMESON, GEORGE S., Supervisor, Order & 
Stock Dept., General Electric Company, W. 
Lynn; res., 26 Farragut Road, Swampscott, 
Mass. 

JENKINSON, JOHN, Supt., Meter Dept., 
British Columbia Electric Railway Company; 
res., 992 Howe St., Vancouver, B. C. 

JOHNSON, GUS ALVIN, Telephone Engineer, 
Pacific Telephone & Telegraph Company, 
Portland, Ore. 

JOHNSON, HERBERT BRIGHTWELL, Engi- 
neer, Western Electric Company, 463 West 

° St., New York; res., 85 Halsey St., Brooklyn, 
Nye 

JOHNSON, VERNE E., Superintendent, Steam 
Plant, The Southern Sierras Power Company, 
1615 Poplar St., San Bernardino, Calif. 

JONES, RUFUS G., Superintendent, Meter 
Dept., The Southern Sierras Power Company, 
Riverside, Calif. 

*JONES, WALTER LELAND, JR., Local Man- 
ager, Union Electric Light & Power Com- 
pany, St. Charles, Mo. 

KAUPP, CHARLES OTTO, Instructor, Elec- 
trical Construction, Williamsport High School; 
res., 700 Campbell St., Williamsport, Pa. 

KEENEY, JOHN WESLEY, Chief Engineer, 
Power Station, Virginia Railway & Power 
Company, Norfolk; res., 14 Middle St., 
Portsmouth, Va. 

KELLER, EDWARD LEONARD, Tester of 
Electrical Apparatus, Duquesne Light Com- 
pany; res., 259 Oakland Ave., Pittsburgh, Pa. 

KELLEY, CHARLES F., Electrical Engineer, 
Patrick McGovern, Inc., 50 E. 42nd St., New 
York; res., 1594 Hayes Ave., Elmhurst, N. Y. 

KELLY, NICHOLAS J., Engineer & Chief Esti- 
mator, Chatham Electric Engineering, Inc., 
1966 Broadway, New York, ONS Mie 

KERSHAW, WALTER F., Foreman, General 
Electric Company; res., 41 Market St., Lynn, 


Mass. , 
KING, CARL M., Electrical Designer, Fair- 
banks, Morse & Company; res., 1220 8. 


36th St., Indianapolis, Ind. 

KIRK, J. NEWTON, Outside Plant Engineer, 
American Tel. & Tel. Company, 195 Broad- 
way, New York, N. Y. 

KIRK, WALTER B., Superintendent, Overhead 
Lines, Lynn Gas & Electric Company, Lynn; 
res., 81 Lakeview Ave., E. Lynn, Mass. 

KOIKE, SHIGEO, Electrical Engineer, Hitachi 
Engineering Works, Sukegawa, Ibarakiken, 
Japan. 

KUSOMOTO, SOJIRO, In charge, Transformer 
Dept., Hitachi Engineering Works, Suke- 
gawa, Ibarakiken, Japan. 
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LACKIE, WALTER J., Designing Draftsman, 
French & Hubbard, 210 South St., Boston, 
Mass. 

LAPP, G. W., Chief Engineer, Lapp Insulator 
Company, Inc., LeRoy, N. Y. 

LEWIS, R. ARNOLD, District Flow Meter 
Specialist, General Electric Company, Cincin- 
nati, Ohio. 

LIPSON, EDWARD, Electrical Experimental 
Tester, General Electric Company, West 
Lynn, Mass. 

LORD, MARK G., Superintendent, Power Plant 
& Shops, Arkansas Valley Railway, Light & 
Power Company, Pueblo, Colo. 

LUCEK, CHARLES WILLIAMS, Telephone 
Engineer, Western Electric Company, 463 
West St.; res., 1454 First Ave., New York, 
INTE as 

MANBY, AARON WOODROOFFE, Assistant 
to Superintendent, Queenston Power House, 
Hydro-Electric Power Commission of On- 
tario, Niagara Falls South, Ontario. 

MATTHIEU, J. CLARENCE, Power Engineer, 
Dayton Power & Light Company, Dayton, 
Ohio. = 

McBRIDE, HENRY JOSEPH, Commercial 
Inspector, General Electric Company; res., 
69 Mall St., Lynn, Mass. 

McCAMMON, FLOYD FRANKLIN, Power 
Sales Engineer, Denver Gas & Electric Light 
Company, Denver, Colo. 

McDERMOTT, JOHN ALVIN, Electrical Engi- 
neer & Master Mechanic, Chapman Price 
Steel Company, Indianapolis, Ind. 

McDONALD, VARNON MICHAEL, Super- 
intendent of Transmission, Colorado Power 
Company, 828 Symes Bldg., Denver, Colo. 

McKNIGHT, ROBERT, Chief Electrician, 
Britannia Mining & Smelting Company, 
Ltd., Britannia Beach, B. C. 

MILBURN, WILLIAM I., Electrician, Phoenix 
Utility Company, Allentown, Pa. 

MOHR, CARL HERMANN, Commercial En- 
gineer, E. I. Rosenfeld & Company, Inc.; 
res., 2135 W. Baltimore St., Baltimore Md. 

MOORE, ERNEST ELLSWORTH, Engineer, 
Electric Bond & Share Company, 71 Broad- 
way, New York, N. Y. 

MULVANY, FREDERICK ARTHUR, Sales 
Engineer, Pacific States Electric Company, 
570 1st Ave. South, Seattle, Washington. 

MYERS, CARL M., Superintendent, Bare Wire 
Mills, Dudlo Mfg. Company; res., 1422 
Eagle St., Ft. Wayne, Ind. 

NATARAJAN R., Inspector, Instrument Sec- 
tion, Electrical Dept., The Bombay Telephone 
Co., Ltd.; res., 87 3rd Floor, Marker’s Bldg., 
Khetwadi Main Road No. 4, Bombay, India. 

*NEAL, D. E., District Sales Agent, Century 
Electric Company, St. Louis, Mo.; 171 2nd 
St., San Francisco, Calif. 

NEUMAN, ROBERT, Local Superintendent, 
The Southern Sierras Power Company, 
Corona, Calif. 

*NICHOLSON, CHARLES JAMES, 258 West 
94th St., New York, N. Y. 

NISHI, EISUKE, Electrical Engineer, Hitachi 
Engineering Works, Sukegawa, Ibarakiken, 
Japan. 


O'BOYLE, GARDNER JAMES, Instructor, 
Mathematics & Electricity, Rehabilitation 
School, Catholic University, Brookland, 
DG: 


O'CONNOR, CHARLES EDWARD, Foreman, 
Construction Div., Distribution Dept., New 
York Edison Co., 15th St. & Irving Place; 
res., 745 Forest Ave., New York, N. Y. 

OHNISHI, SADAHIKO, Transformer Designer, 
Hitachi Engineering Works, Sukegawa, 
Ibarakiken, Japan. 

OKUWA, SATORU, Rheostat Designer, Hitachi 
Engineering Works, Sukegawa, Ibarakiken, 
Japan. 

OLDFIELD, ROBERT TOPHAM, Electric 
Operator, Potomac Electric Power Company, 
Substation No. 3; res., The Dresden Apts., 
Connecticut Ave. & Kalaroma Road, N. W., 
Washington, D. C. 
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PEERS, GEORGE THOMAS, Operator, Poto- 
mac Electric Power Company, Washington; 
res., 224 Maple Ave., Takoma Park, D. C. 

*PFLEIDERER, CHARLES ARTHUR, JR., 
Student, Electrical Engineering, Purdue 
University, Lafayette, Ind.; 2118 Napoleon 
Blvd., Louisville, Ky. 

POSTON, VIRGIL, Superintendent of Opera- 
tion, New York & Queens Electric Light & 
Power Company, Electric Bldg., Bridge 
Plaza, Long Island City, N. Y. 

PRINGLE, JOHN ALBERT, Manager, Radio 
Dept., New Jersey Electric Company, 207 
Washington St.; Newark; res., 227 Cleveland 
Ave., Harrison, N. J. 

PUTNAM, ARTHUR CLAIR, Engineer, The 
Southern Sierras Power Company, River- 
side, Calif. 

QUANDT, WILLIAM, Foreman, Meter, Instal- 
lation & Service Dept., Arkansas Valley 
Light & Power Company, Pueblo, Colo. 

RANKIN, DAVID CECIL, Consulting Engineer, 
723 W. 66th St., Chicago, Il. 

REGAN, JOSEPH PHILIP, Electrical Engineer, 
Trump Mfg. Company, Springfield, Ohio; 
res., 3 Wabash Ave., Worcester, Mass. 

RICHARDSON, HARVEY RUSSELL, Assist- 
ant Engineer, Standardizing Laboratory, 
General Electric Company, W. Lynn, Mass. 

RINGSDORF, CHARLES ALBERT, Elec- 
trician, The Rawplug Company, 461 8th 
Ave.; res., 1234 Prospect Ave., New York, 
IN. Y: 

RYAN, JAMES JOSEPH, Foreman, Construc- 
tion Dept., Brooklyn Edison Company, 569 
Fulton St.; res., 658 Park Place, Brooklyn, 
N.Y. 

SANGREE, ERNEST MANN, Plant Engineer, 
New York Telephone Company, 227 E. 30th 
St., New York, N. Y. 

SCHAD, JAMES HALL, Electrician, Phoenix 
Utility Company, New York, N. Y.; 114 S. 
6th St., Allentown, Pa. 

*SCHEER, GEORGE BURBRIDGE, Electrical 
Engineer, Westinghouse Elec. & Mfg. Com- 
pany, E. Pittsburgh; res., 920 Franklin Ave., 
Wilkinsburg, Pa. 

SCHEPPERLY, JOSEPH A., Electrical Engi- 
neer, American Gas & Foundry Co.; res., 
5321 Pennsylvania Ave., Detroit, Mich. 

SCHROEDER, CARL J., General Cable Fore- 
man, Cleveland Electric Dluminating Com- 
pany, Cleveland; res., 3000 Center Road, 
Warrensville, Ohio. 

SEABURG, ALGODT JULIUS, Electrical De- 
signer, with Charles T. Main, 201 Devon- 
shire St., Boston; res., Magnolia, Mass. 

SEIBERT, H. W., Construction Dept., General 
Electric Company, 701 Electric Bldg., 
Portland, Ore. 

SEMMENS, CLIVE THOMAS KITCHENER, 
Electrical Tester, British Thomson-Houston 
Company, Rugby, Eng. 

SENAUKE, ALEXANDER, Assistant in Elec- 
trical Engineering, New York University; 
res., 145 West 129th St., New York, N. Y. 

SHARP, FRED R., Foreman, General Electric 
Co., Lynn; res., 1 Willis St., E. Saugus, Mass. 

SHEPHERD, ROSWELL LINSLEY, Assistant 
Editor, McGraw-Hill Company, 10th Ave. 
36th St., New York, N. Y.; res., 735 Lake 
St., Newark, N. J. 

SHOBER, WILBUR MADISON, Switchboard 
Wireman, Cleveland Electric Illuminating 
Company; res., 11611 Saywell Ave., Cleve- 
land, Ohio. 

*SKINKER, MURRAY FONTAINE, Student, 
Oxford University, Exeter College, Oxford, 
England. 

SMIRNOFF, ALEXANDER I., Engineering 
Dept., Potomac Electric Power Company; 
res., 1644 Argonne Terrace, N. W., Wash- 
ington, D. C. 

SMITH, ALLAN J., Inspecting Engineer, Colum- 
bus Railway, Power & Light Company; 
res., 284 E. 8th Ave., Columbus, Ohio. 


SMYSER, FREDERIC HAWLEY, General 
Electric Company, West Lynn, Mass. 


INSTITUTE AND RELATED ACTIVITIES 


SOUZA, MANUEL ENOS, Electrical Engineer, 
General Electric Company, Caixa Postal 
547, Sao Paulo, Brazil, 8. A. 

SPARROW, MAXWELL E., Patent Lawyer, 
15 Park Row, New York, N. Y. 

SPEAKMAN, EDWIN GRANT, JR., System 
Operator, Bennings Plant, Potomac Electric 
Power Company; res., 720 6th St., 8. W., 
Washington, D. ©. 

SPRENGER, GEORGE WALTER, Drafts- 
man, General Electric Company; res., 14 
Sherman Terrace, Lynn, Mass. 

STARR, JAMES HAMMOND, Sales Engineer, 
Carroll Electric Company, 714 12th St., N. 
W., Washington, D. C. 

*ST. CLAIR, HARRY PRENTICE, Testing 
Dept., General Electric Company; res., 29 
Norwood Ave., Schenectady, N. Y. 

STEVENSON, CLYDE DUNCAN, Holter 
Plant, Montana Power Company, Wolf 
Creek, Mont. 

STONE, GEORGE SHELAR, General Super- 
intendent, The New Jersey Power & Light 
Company, 30 W. Blackwell St., Dover, N. J. 

STONE, WILLIAM CLAYTON, Foreman Load 
Dispatcher, Marion Power Station, Public 
Service Electric Company; res., 104 Romaine 
Ave., Jersey City, N. J. 

SWEENEY, DENIS, Assistant Foreman,- Gen- 
eral Electric Company, W. Lynn; res., 787 
Summer St., Lynn, Mass. 

SWEENEY, EUGENE C., Turbine Dept., 
General Electric Company; res., 787 Summer 
St., Lynn, Mass. 

TAKAGI, MOICHI, Chief Engineer, Kobe- 
Himeji Electric Railway Company, Kobe, 
Japan. 

TARMON, RAY F., General Foreman, Magnet 
Wire Dept., Dudlo Mfg. Company; res., 
353 Randolph St., Ft. Wayne, Ind. 

TEMPLE, JOHN C., Chief Electrician, Columbus 


Railway, Power & Light Company, 104 N.. 


3rd St., Columbus, Ohio. 

TERRY, FRANCIS MARSHALL, Testing 
Dept., New York Edison Company, 92 Van- 
dam St., New York; res., 110 S. Portland 
Ave., Brooklyn, N. Y. 

THISTLETHWAITE, GORDON JOSEPH, As- 
sistant Electrical Superintendent, Abitibi 
Power & Paper Company, Ltd., Iroquois 
Falls, Ontario. 

THOMPSON, BENJAMIN HARRISON, Elec- 
trical Engineer, General Electric Company; 
res., 614 Terrace Place, Schenectady, N. Y. 

THOMPSON, EARL A., Central Office Re- 
pairman, The Pacific Tel. & Tel. Company; 
res., 137 N. 81st St., Seattle, Wash. 

THOMSON, DAVID P., Engineering Dept., 
General Electric Company, W. Lynn, Mass. 

TOKAI, SHINZO, Electrical Engineer, Hitachi 
Engineering Works, Sukegawa, Ibarakiken, 
Japan. 

VAN LOAN, CULLEN G., Electrician, Cooper 
Amusement Company; res., 316 S. 4th St., 
LaCross, Wis. 

VAN WAGNER, PAUL, 
Distribution, Richmond Light & Railroad 
Company, New Brighton; res., 825 Dela- 
field Ave., West New Brighton, N. Y. 

VOYACK, FRANK, Foreman, Construction 
Dept., The Moto-Meter Co., Inc., 15 Wilbur 
Ave.; res., 73 18th Ave., Long Island City, 
N.Y. 

*WAEHCHTHER, 
trician’s Mate, 3rd Class, U. 
vania, San Francisco, Calif.; 
Ave., Passaic, N. J. 

WATTS, MYERS G., Supervisor, Philadelphia, 
Electric Company; res., 602 E. Hilton St., 
Philadelphia, Pa. 

WHITE, CHARLES, Telephone Engineer, West- 
ern Electric Company, 463 West St., New 
Works IN. GYie;) tes., ro25eeNs (Grove) shane 
Orange, N. J. 

WICKERT, LELAND ALBERT, Installer & 
Repairman, W. L. Evans; res., 715 E. Fulton 
St., Lancaster, Pa. 


Superintendent of 


FREDERICK AARON, Elec- 
S. S. Pennsyl- 
Tes; Oo) Park 


_—_ a) 6h we 


wlwa ie 


Journal A. I. E. E. 


WILLIAMS, MARION STARR, Engineering 
Dept., Western Electric Company, 463 
West St., New York;res., 60 South 23rd St., 
Flushing, N. Y. 

*WILSON, GUY EVERETT, Assistant Chief 
Draftsman, J. Edward Ogden Company, 
Inc., 147 Cedar St., New York, N. Y. 

WOOD, JOHN WILLIAM, Chief Draftsman, 
City of Seattle, Skagit River Power, 1400 
Alaska Bldg., Seattle Wash. : 

YOKOI, NOBUYOSHI, Designer, Electric Loco- 
motive, Hitachi Engineering Works, Suke- 
gawa, Ibarakiken, Japan. 

Total 184. 

*Formerly Enrolled Students. 

ASSOCIATES REELECTED MAY 19, 1922 


GARRETT, ANTHONY M., Field Engineer, 
Commonwealth Edison Company, 72 W. 
Adams St., Chicago, Il. 

JOSLIN, ARBA VANDERBURG, Assistant 
Engineer, Pacific Gas & Electric Company, 
San Francisco, Calif.; res., 1007 Kenmore 
Blvyd., Kenmore, Ohio. 

SATTERTHWAITE, J. PAUL, Plant Dept., 
American Tel. & Tel. Company, 195 Broad- 
way, New York, N. Y.; res., 874 Westfield 
Ave., Elizabeth, N. J. 

MEMBERS ELECTED MAY 19, 1922 

DE LAY, ROY E., Kellogg Switchboard & 
Supply Company, 62 Kiangse Road, Shang- 
hai, China. : 

FROST, FRANK G., General Superintendent, 
Electrical Dept., New Orleans Railway & 
Light Company, 201 Baronne St., New Or- 
leans, La. 

HORTON, REUBEN HARLAND, Traffic Engi- 
neer, Philadelphia Rapid Transit Company, 
1520 Spruce St.; res., The Stonehurst, 454 
Osage Ave., Philadelphia, Pa. 

LASH, NORWOOD MAXWELL, Chief Engi- 
neer, Bell Telephone Company of Canada, 
Montreal, Que. 

McRAE, GEORGE WADSWORTH, Toll Traf- 
fic Engineer, American Tel. & Tel. Company, 
212 W. Washington St., Chicago, Ill. 

O’BRYAN, FRANCIS LAFAYETTE, District 
Manager, Edison Electric Dluminating Com- 
pany, 44 Union Ave., Framingham, Mass. 

PORTENGEN, J. A., Soengeiliat, Banka, 
Dutch East Indies. 

PULLEN, FRANK, President, Swedish General 
Electric Ltd., 107 Duke St., Toronto, Ont., 
Canada. 

SCHUMACHER, R. J., Electrical Engineer, 
Kelley Island Lime & Transport Company, 
Marblehead, Ohio. z 

SHEPHERD, DAVID G., General Manager, 
Electric Specialty Company, 211 South 
Street, Stamford, Conn. 

SMITH, JOHN HAYS, Engineer, Electric Light 
& Power, Public Service Commission of 
Pa., Harrisburg, Pa. 

SMITH, PHILIP SEABURY, Associate Editor, 
McGraw-Hill Company, Inc., 10th Ave. & 
36th. St., New York, N. Y. 

SMITH, WILLIAM LINCOLN, Professor of 
Electrical Engineering & Head of Dept., 
School of Engineering, Northeastern Univer- 
sity, 316 Huntington Ave., Boston, 17, Mass. 

WELLS, LOREN STANFORD, Electrical Su- 
perintendent & Superintendent of Telegraph, 
Long Island Railroad Company, Pennsyl- 
vania Station, New York, N. Y. 

WOOLSEY, CLARENCE V., Assistant to Elec- 
trical Engineer, Brooklyn Edison Company, 
360 Pearl St., Brooklyn, N. Y. 

FELLOW ELECTED MAY 19, 1922 
deARTIGAS, JOSE ANTONIO, Managing 
Director, Artigas & Company, Arrieta, 4, 
Madrid, Spain. 
TRANSFERRED TO GRADE OF FELLOW 
MAY 19, 1922 

CARPENTER, HENRY C., Chief Engineer, 
New York Telephone Co., New York, N. Y. 

CHESTERMAN, FRANCIS J., Chief Engineer, 
Bell Telephone Co. of Pennsylvania, Phila- 
delphia, Pa. 
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KITTREDGE, CARLYLE, Chief Engineer, 
Michigan State Telephone Co., Detroit 
Mich. ) 

WATERSON, KARL W., Assistant Chief Engi- 
neer, American Tel. & Tel. Co., New York 
N.Y. 


TRANSFERRED TO GRADE OF MEMBER 
: MAY 19, 1922 


BALL, WILLIAM J., President, Tri-City Elec- 
tric Co., Moline, Ill. 

BLATHERWICK, A. B., Electrical Planner, 
Navy Yard, Puget Sound, Bremerton, Wash. 

BOYER, LEE, General Manager, Consolidated 
Power & Light Co., Deadwood, 8. D. 

CARPENTER, FRANK B., Electrical Engineer, 
West Virginia Engineering Co., Charleston, 
W. Va. 

EGNER, ROBERT J., Section Engineer, Ameri- 
can Tel. & Tel. Co., New York, N. Y. 

GREEN, IRVING W., Engineer, Dept. of 
Development & Research, American Tel. 
& Tel. Co., New York, N. Y. 

KING, ROBERT P., Works Engineer, East 
Springfield Works, Westinghouse Elec. & 
Mfg. Co., Springfield, Mass. 

LATZER, FREDERICK, Electrical Engineer, 


Van Wagoner Linn Construction Co., 
New York, N. Y. 
MEYER, HANS J., President. Charles L. 


Pillsbury Co., Minneapolis, Minn. 
SCHNABEL, JAMES F., Assistant Sales Engi- 
neer, Electric Controller & Mfg. Co., Cleve- 
land, O. 
SMITH, HAROLD R.., Partner in Smith, Robin- 
son & Co., Vancouver, B. C. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting held 
May 16, 1922, recommended the following mem- 
bers of the Institute for transfer to the grade 
of membership indicated. Any objection to these 
transfers should be filed at once with the Secretary. 

To Grade of Fellow 

ALLEN, EDWIN W., Asst. District Manager & 
District Engineer, General Electric Co., 
Chicago, Ill. 

ALLEN, ELBERT G., Chief Engineer, Phila- 
delphia Rapid Transit Co., Philadelphia, Pa. 

JAMIESON, BERTRAND G., Engineer of 
Inside Plant, Commonwealth Edison Co., 
Chicago, Ill. 

PENNELL, WALTER O., Chief Engineer, 
Southwestern Bell Telephone Co., St. Louis, 
Mo. 

SMITH, ARTHUR BESSEY, Chief Research 
Engineer, Automatic Electric Co., Chicago, 
Til. 

TAYLOR, EDWARD, Electrical 
General Electric Co., Chicago, 1 

To Grade of Member 

ARMBRUST, GEORGE M., Engineer, Elec- 
trical _Enzgineer’s Office, Commonwealth Edi- 

_ son Co., Chicago, Ill. 

BADGER, CHARLES K., Chief Engineer, 
Empressa Electrica de Guatemala, Gerente 
Empresa del Alumbrado Electrico del Norte, 
Guatemala City, Guatemala, C. A. 

BOSE, SURENDRA NATH, Engineer, Elec- 
trical Dept., Perin & Marshall, New York, 
NeLYS 

DEBEECH, ALBERT v., Electrical Research 
Engineer, Interborough Rapid Transit Co., 
New York, N. Y. 

DES CAMPS, EDWIN Sie, 
Western Electric Co., Inc., Seattle, Wash. 

GILBERT, HENRY C., JR., Construction Su- 
perintendent, w.A. Jackson Co., Chicago. I. 

JOYOE, HARRY B., Chief Engineer, Centrifu- 
gal Fan Co., Newark, N. J. . 

KOBAK, EDGAR, Manager, Electrical World, 
Electrical Review, and Industrial Engineer, 
New York, N. Y. 

KOUWENHOVEN, 
Professor of Electrical Engineering, 
Hopkins University, Baltimore, Md. 


Engineer, 


Sales Engineer, 


WILLIAM B.;, Associate 
Johns 


INSTITUTE AND RELATED ACTIVITIES 


LA MOTTE, WILLIAM R., Chief Engineer, 
Perth Amboy Power Station, Public Service 
Electric Co., Perth Amboy, N. J. 

OSGOOD, HARRY W., Electrical Engineer, 
eee & Junkersfeld, Inc., New York, 

ROBINSON, CHARLES G., Superintendent, 
Electric Power Plants, Union Electric Light 
& Power Co., St. Louis, Mo. 

ROCKWELL, ROBERT L., Consulting Engineer, 
Seattle, Wash. 

STEVENS, ROGER B., Electrical Engineer, 
Consulting Board, American Sugar Refining 
Co., New York, N. Y. 


APPLICATIONS FOR ELECTION 
Applications have been received by the Secre- 
tary from the following candidates for election 
to membership in the Institute, the list indicating 
the geographical district and Section in which the 
applicant is at present located, Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before June 30, 1922. 
Geographical District No. 1. 
Boston Section 
Connell, Lawrence H., Boston, Mass. 
Goldsmith, Adolph, Boston, Mass. 
White, Charles H. M., Cambridge, Mass. 
Connecticut Section 
Bird, Jewett D., Waterbury, Conn. 
Bradshaw, Thomas N., New Haven, Conn. - 
Morris, Shiras (Member), Hartford, Conn. 
Nash, Henry L., W. Haven, Conn. 
Poole, James, New Haven, Conn. 
Lynn Section 
Adams, Harold, Lynn, Mass. 
Campbell, Charles H., (Member), Lynn, Mass. 
Darling, Nelson J., (Member), W. Lynn, Mass. 
Halvorson, Cromwell A. B., Jr., (Member), Lynn, 
Mass. 
Hamill, Daniel E., Lynn, Mass. 
Norman, Horace E., (Member), Lynn, Mass. 
Ross, Frank C., Lynn, Mass. 
Sampson, Archibald T., Lynn, Mass. 
Schenectady Section 
Foust, Clifford M., Schenectady, INE: 
Menon, V. K. Aravindaksha, Schenectady, N. Y. 
Potter, Melville R., Syracuse, N. Y. 
Total 19. 
Geographical District No. 2 
Akron Section 
Flanigan, John M., Alliance, Ohio 
Haushalter, Fred L., Akron, Ohio 
Cincinnati Section 
Kuhlman, Lee G., Covington, Ky. 
Landis, George H., Cincinnati, Ohio 
Cleveland Section 
Owens, Thurston D., Cleveland, Ohio 
Columbus Section 
Andrix, Earl R., Columbus, Ohio 
Lehigh Valley Section 
de May, Charles F., Scranton, Pa. 
Man, Shu Sing, S. Bethlehem, Pa. 
Porter, Joseph I., Easton, Pa. 
Philadelphia Section 
Brady, Edward W., Philadelphia, Pa. 
Campuzano, George S., Philadelphia, Pa. 
Cassel, Daniel E., Philadelphia, Pa. 
Forstall, Edward L., Philadelphia, Pa. 
Roberts, Carlyle J., Philadelphia, Pa. 
Pittsburgh Section 
Hodgkins, Charles H., Pittsburgh, Pa. 
MevVey, Chester L., Pittsburgh, Pa. 
Mills, William F., Pittsburgh, Pa. 
Thordarson, Steinn D., Brownsville, Pa. 
Truex, Ernest H., Woodlawn, Pa. 
Toledo Section 
Lowery, Wilfred T., Toledo, Ohio 
O’Connor, John F., (Member), Toledo, Ohio 
Sisterheum, Morris L., Toledo, Ohio 
Washington, D. C. Section 
Aman, Walter F., Mt. Ranier, Md. 
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Anderson, Peter N., (Member), Washington, D.C. 
Willis, Clodius H., Lignum, Va. 
Non-Section Territory 
Hurwitz, Abraham A., Hagerstown, Md. 
Total 26. 


Geographical District No. 3 


New York Section 
Asset, Henry L., New York, N. Y. 
Broadbent, Harold S., Bloomfield, N. J. 
Cook, Nicholas, Little Falls, N. J. 
Drake, George R., New York, N. Y. 
Egner, William F., New York, N. Y. 
Englefried, Henry O., Brooklyn, N. Y. 
Falk, Leslie A., New York, N. Y. 
Frothingham, Donald McL., New York, N. Y. 
Goldner, Henry A., New York, N. Y. 
Graefenecker, Michael A., New York, N. Y. 
Hall, Lawrence M., New York, N. Y. 
Haskell, Raymond A., New York, N. Y. 
Hatfield, Charles H., Newark, N. J. 
Hilbert, Eugene R., Athenai, N. J. 
Johnson, Kenneth S., (Member), New York, N. Y. 
Lempke, Walter J., New York, N. Y. 
Mathis, Charles C., New York, N. Y. 
Moritz, Alfred G., New York, N. Y. 
McCrum, Walter I., Bloomfield, N. J. 
Niessner, Robert J., New York, N. Y. 
Pestalozzi, Adolph, New York, N. Y. 
Petrella, Anthony G., New York, N. SY: 
Rao, Charles, New York, N. Y. 
Roberts, Harry A., Brooklyn, N. Y. 
Smith, Chauncey, New York, N. Y. 
Stokely, Ray, (Member), New York, Ni Ye 
Weaver, William C., New York, N. Y. 
Williamson, Adrian A., (Member), New York, 
Na 
Panama Section 
Cordua, Melville L., (Member), Panama, R. P. 
Ramires, Luis F., Panama, R. P. 
Total 30. 
Geographical District No. 4 
Atlanta Section 
Morgan, Evans, Atlanta, Ga. 
Non-Section Territory 
Duncan, Josiah C., Knoxville, Tenn. 
Frenz, Julius M., Hickman, Ky. 
Total 3. 
Geographical District No. 5 
Chicago Section 
Darst, Valentine W., Chicago, Ill. 
Smeaton, Charles A., (Member), Chicago, Il. 
Swanson, Carl S., Chicago, Il. 
Indianapolis-Lafayette Section 
Canfield, Donald T., W. Lafayette, Ind. 
Jones, Walter, New Castle, Ind. 
Milwaukee Section 
Brown, Charles D., Milwaukee, Wis. 
O’Connor, Arthur J., Milwaukee, Wis. 
Urbana 
Freeland, B. H., Attica, Ind., 
Non-Section Territory 
Mitchell, Mortimer G., St. Joseph, Mich. 
Stephens, Harley H., Battle Creek, Mich. 
Total 10. 


Geographical District No. 6 
Denver Section 
Glezen, Lee L., Denver, Colo. 
Kelleher, Clark H., Denver, Colo. 
Large, Wayne Vank. Denver, Colo. 
Omaha Section 
Landgren, Albert V., Omaha, Neb. 
Non-Section Territory 
Ashe, Irving E., Duluth, Minn. 
Hyatt, Ralph S8., Valentine, Neb. 
Total 6 
Geographical District No. Z 
Oklahoma Section 
Cummings, George W., Muskogee, Okla. 
Non Section Territory 
Matthews, William H., Pittsburgh, Kansas 
Total 2 
Geographical District No. 8 
Los Angeles Section 
Fogwell, Harrison H., Los Angeles, Cal. 
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INSTITUTE AND RELATED ACTIVITIES 


Mendenhall, Earl, Los Angeles, Cal. 
Schmidt, Walter A., (Member), Los Angeles, Cal. 
_ Yarborough, C. G., Los Angeles, Cal. 


San Francisco Section 


Johnson, Wayne N., San Francisco, Cal. 
Kimball, George E., San Francisco, Cal. 
MacQuarrie, Harold C., San Francisco, Cal. 
Mullemeister, William, Oakland, Cal. 


Non-Section Territory 


Wahlstrom, Tom O., Susanville, Cal. 
Total 9. 


Geographical District No. 9 
Portland Section 


Hoover, Edgar W., Portland, Ore. 


Seattle Section 


Brownfield, Ernest $., Tacoma, Wash. 
Cunningham, Allan, (Member), Seattle, Wash. 


Lamb, 


L. L., Tacoma, Wash. 
Utah Section 


Woffington, J. S., Pocatello, Idaho 


Non-Section Territory 


Marlow, Robert, Montesana, Wash. 
Total 6. 


Geographical District No. 10 
Toronto Section 


Frazer, Arthur W., Toronto, Ont. 
McLeish, Angus G., Toronto, Ont. 
Narrance, Arthur W., Toronto, Ont. 


Little, 


Vancouver Section 
John J., Price Rupert, B. C., 


McGillivray, Charles A., New Westminster, B. C. 


Non-Section Territory 


Bishop, Trenholme, A. G., Montreal, Que. 
Heeney, Terrence J. C., Montreal, Que. 
Total 7. 

Total Applications Received 118. 


Ajani, 


Foreign 
Francesco, (Member), Milan, Italy 


Bagchi, Sudhir K., Jamshedpur, India 

Basak, Jagat D., Jamshedpur, India 

de Chatelain, Mikail A., Lesnoy, Petrograd, Russia 
Faulkner, Arthur S., Brisbane, Queensland, Aus. 
Kemp, Philip, London, Eng. 

Mitchell, John H., Hull, Eng. 

Newman, Horace S., Hanley, Stoke-on-Trent, Eng. 
Nissen, Jacob P., Kristiania, Norway 

Welsford, Douglas, London, Eng. 

Wrigley, Albert E., Matamata, N. Z. 

Total 11. 


STUDENTS ENROLLED MAY 19, 


14994 
14995 
14996 
14997 
14998 
14999 
15000 
15001 
15002 
15003 
15004 
15005 


15006 


15007 
15008 
15009 
15010 
15011 
15012 
15013 
15014 


15015 
15016 
15017 
15018 


1922 


Klaproth, William O., Univ. of Illinois 

Ennis, Frederick J., Drexel Institute 

Vouch, Stephen J., Worcester Poly. Inst. 

Torrey, William F., Jr., Wentworth Inst. 

Ladd, James R., Oregon Agri. College 

Asofsky, Isaac, Cooper Union 

DeRanzis, Joseph, Cooper Union 

Geis, Harold W., Cooper Union 

Hebling, Albert G., Cooper Union 

Papacek, Frank, Cooper Union 

Milliken, Warren T., Cooper Union 

De laVergne, W. Harold, Catholic Univers- 
ity of America 

McCabe, Henry L., Catholic University of 
America 

Boyer, David A., Carnegie Inst. of Tech. 

Wood, Richard H., Ohio State University 

Steans, Kenneth R., Worcester Poly. Inst. 

Higdon, James J., Georgia School of Tech. 

Carter, Homer M., Georgia School of Tech. 

Hoefer, Charles R., Stevens Inst. of Tech. 

Karcher, John E., Mass. Institute of Tech. 

Northam, Lawrence E., Tri-State College 
of Engineering 

Freeman, Aaron, Johns Hopkins Univ. 

Taylor, William P., Johns Hopkins Uniy. 

Wells, Ben. F., University of Kansas 

Seymour, Murray M., Johns Hopkins Univ. 


15019 
15020 
15021 
15022 
15023 
15024 
15025 
15026 
15027 


15028 
15029 
15030 
15031 
15032 
15033 
15034 
15035 
15036 
15037 
15038 
15039 
15340 
15041 
15042 
15043 
15044 
15045 
15046 
15047 
15048 
15049 
15050 
15051 
15052 
15053 
15054 
15055 
15056 
15057 
15058 
15059 
15060 
15061 
15062 
15063 
15064 


15065 
15066 
15067 


15068 
15069 
15070 
15071 
15072 


15073 
15074 
15075 
15076 
15077 
15078 
15079 
15080 
15081 
15082 
15083 
15084 
15085 
15086 
15087 


15088 
15089 
15090 
15091 
15092 
15093 
15094 
15095 
15096 
15097 
15098 
15099 
15100 


Warner, Norwood A., New Hampshire Coll. 
Zwiedom, E. A. Alvin, University of Texas 
Lewis, Ervin H., Northeastern College 
Corrado, Anthony, Lewis Institute 
Perlstein, Philip, Brooklyn Poly. Institute 
Coulter, Stanley L., University of Toronto 
Boothby, Clinton R., University of Maine 
See, W. Howe, Worcester Pclytechnic Inst. 
Robertson, Archibald F., Mass. Institute of 
Technology 
Kelly, John M., Carnegie Institute of Tech. 
Eskil, William A., Pratt Institute 
Irwin, William A., Pratt Institute 
French, George B., Pratt: Institute 
Kleinert, Paul F., Pratt Institute: 
Dickinson, Otis, Pratt Institute 
Ferguson, Floyd F., Pratt Institute 
Homan, Charles W., Pratt Institute 
Steinbach, Frank, Pratt Institute 
Schenck, Romeyn P., Pratt Institute 
Menzel, Arthur F., Pratt Institute 
Potts, Julian, Pratt Institute 
Lear, William H., Pratt Institute 
Langan, William J., Pratt Institute 
Clark, Frederick A., Pratt Institute 
Finn, James J., Pratt Institute 
Raznik, Emanuel E., Pratt Institute 
Marshall, Joseph A., Pratt Institute 
Wyrtzen, Curtis C., Pratt Institute 
Proctor, Joseph W., Jr., Pratt Institute 
Price, William H., Pratt Institute 
Simpson, William O., Pratt Institute 
Rogers, Warren O., Pratt Institute 
Keener, Jacob, Lewis Institute 
Schlather, Erich G., A.&M. College of Tex. 
Kelly, Joseph G., Marquette University 
Reitmeyer, William B., Marquette Univ. 
Hunt, George B., Marquette University 
Kohler, Harry W., Marquette University 
Ruesch, Arthur B., Marquette University 
Johnson, Wesley O., Marquette University 
Rumrill, Hamilton, Lowell Institute 
Mattison, Walter W., Lowell Institute 
Cowles, Eustace E., Penn. State College 
Cockburn, John M., Queen’s University 
Costenoble, Erich H., Drexel [nstitute 
Currier, Preston, H., New Hampshire State 
College 
Thomas, Richard R., Montana State Coll. 
Looney, Texas, Oklahoma A. & M. College 
Lancaster, Elon F., Northeastern College 
Engg. School 
Suhr, Herbert F., Marquette University 
Elliott, Walter, Tri-State Coll. of Engg. 
Smith, William G., Washington University, 
Lefever, Paul M., Tri-State Coll. of Engg. 
Churchill, Colin F., North Carolina State 
College 
Hunt, Leonard G., Univ. of Illinois 
Coleman, John B., Carnegie Inst. of Tech, 
Cary Alvin C., Cooper Union 
Fishell, Marion F., Washington University 
Higgs, Percival J., Mass. Inst. of Tech. 
Goddard, Loren R., Pratt Institute 
Terhune, Wallace I., Pratt Institute 
Halbrook, James H., Pratt Institute 
Farmer, William J., Pratt Institute 
Brownell, Frank A., Pratt Institute 
Hartmen, Howard W., Pratt Institute 
Dulack, Edmund F., Pratt Institute 
Domery, John C., Jr., Rensselaer Poly. Inst. 
Bowlen Wayne F., Montana State College 
Ashbaugh, Frederic A., Carnegie Inst. of 
Technology 
Leary, Wilfred J., Montana State College 
Connell, Joseph A., Univ. of Pittsburgh 
Lander, David H., University of Pittsburgh 
Marshall, Alvin J., Univ. of Pittsburgh 
Marshall, Robert P., Univ. of Pittsburgh 
Miller, Warren W., Univ. of Pittsburgh 
Moore, Francis G., Uniy. of Pittsburgh 
Maish, Edward A., Univ. of Pittsburgh 
Raring, William H., Univ. of Pittsburgh 
Robert, Arthur F., Univ. of Pittsburgh 
Robinson, William H., Univ. of Pittsburgh 
Ward, William C., Univ. of Pittsburgh 
Zinsser, Alfred H., Univ. of Pittsburgh 
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Journal A. I. E. EH. 


Zuck, Walter J., Univ. of Pittsburgh 
Rich, Albert, Washington University 
Chen, S. T., Worcester Polytechnic Inst. 
Bhushan, Vidiya, University of flinois 
Trotter, Clifford E., University of Colorado 
Walton, Harold F., Worcester Poly. Inst. 
Parkinson, William W., Univ. of Virginia 
Smith, William M., Univ. of Virginia 
Bolster, George K., Ohio Northern Univ. 
Jaworski, Nicholas, Toronto Central Tech- 
nical School ; 
Johnson, Harold H., Marquette University 
Halaby, Farah H., Yale University 
Caprin, Vladimir I., Yale University 
Cristiano, Angelo M., Yale University 
Murphy, Stanley J., Yale University 
Rashba, Jacob S., Yale University 
Beaney, Walter V., Yale University 
Haddad, L. B., Yale University 
Harbaugh, Fred J., Ohio State University 
Henderson, Oliver, Case School of Applied 
Science 
Blake, Foster B., University of Maine 
Vroom, Robert C., Stevens Inst. of Tech. 
Marshall, William H., Toronto Central 
Technical School 
Richenbaker, Milton F., Carnegie Institute 
of Technology, 
Brearty, Charles Ross, Univ. of California 
Grondorf, Herman, University of California 
Kelsey, Keith, University of California 
Van Stan, Robert W.. University of Calif. 
White, Ernest, University of California 
Shattuck, Ira S., Sheffield Scientfic School 
Anderson, David F., University of Colo, 
Myer, Percy L., Pennsylvania State Coll. 
Sochacki, Alfred C., Tri-State Coll. of Eng. 
Snor, Charles G., Toronto Central Tech- 
nical School 
Weisbrich, Rudolph A., Texas A. &M. Coll. 
Walsh, Richard T., Catholic Univ. of Amer. 
Miller, J. Kerwin, Jr., Cornell University 
Kieburtz, G. H., University of Washington 
Neutzenholzer, Harold A., Carnegie Insti- 
tute of Technology 
Bonnell, Baker W., Oklahoma A. &.M. Coll. 
Weir, Paul L., University of Virginia 
Bally, Albert C., School of Engineering of 
Milwaukee 
Engle, Charles E., School of Engineering of 
Milwaukee 
Grosvenor, A. W., School of Engineering 
of Milwaukee 
Stoll, Alvin, School 
Milwaukee 
Pokorny, Jerome, School of Engineering of 
Milwaukee 
Evien, Irving W., School of Engineering of 
Milwaukee 
Grove, Paul R., School of Engineering of 
Milwaukee 
Forswall, Oscar E., Montana State College 
White, Clinton L.,Johns Hopkins University 
Hall, Fred C., Mass. Institute of Tech. 
Fults, Francis H., Clarkson Coll. of Tech. 
Dargan, Alfred N., The Rice Institute 
Doyle, William E., Jr., Stevens Institute of 
Technology 
Kennison, Ralph G., University of Maine 
McCullough, Robert Y., Cornell Univ. 
Murphy, William E., Penn State College 
Keith, Wayne E., Worcester Poly. Inst. 
Allen, Henry M., Oregon Inst. of Tech. 
Cholick, John G., Oregon Inst. of Tech. 
Gadeholt, Bjorn, Oregon Inst. of Tech. 
Hammond, Vincent W., Oregon Inst. of 
Technology 
Pape, Lawrence V., Oregon Inst. of Tech. 
Protzman, Charles W.,Oregor Inst. of Tech. 
Stafford, Arthur, Oregon Inst. of Tech. 
Stevanus, Elmer G., Oregon Inst. of Tech. 
Taylor, Glenn H., Oregon Inst. of Tech. 
Tavora, E. G., Oregon Inst. of Tech. 
Travis, Merle D., Oregon Inst. of Tech. 
White, Lochett C., Oregon Inst. of Tech. 
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Officers of A. I. E. E. 1921-1922 


PRESIDENT. 
(Term Expires July 31, 1922) 
WILLIAM McCLELLAN 


JUNIOR PAST-PRESIDENTS 


(Term expires July 31, 1922) i 
’ (Term ex ly 31, 1923 
CALVERT TOWNLEY A.W. Eee 


VICE-PRESIDENTS 


(Terms expire July 31, 1923) 
N. W. STORER 
GAG. ADSIT 
F. W. SPRINGER 
ROBERT SIBLEY 


(Terms expire July 31, 1922) 
W. A. HALL 
W: A. DEL MAR 
J. C. PARKER 
H. W. EALES 


0. B. COLDWELL F. R. EWART 
MANAGERS. 
(Terms expire July 31, 1922) (Terms expire July 31, 1923) 
WALTER I. SLICHTER L. BE. IMLAY 
G. FACCIOLI F. F. FOWLE 


FRANK D. NEWBURY 


(Terms expire July 31, 1924) 
HAROLD B. SMITH 
JAMES F. LINCOLN 
BeBe CRART 


L. F. MOREHOUSE 


(Terms expire July 31, 1925) 
R. B. WILLIAMSON 
A. G. PIERCE 
HARLAN A. PRATT 


TREASURER SECRETARY 
(Terms expire July 31, 1922) 


GEORGE A. HAMILTON PF. L. HUTCHINSON 


HONORARY SECRETARY 
RALPH W. POPE 


GENERAL COUNSEL 
PARKER & AARON, 
66 Broad Street, New York. 


PAST-PRESIDENTS—18 84-1921 


*NORVIN GREEN, 1884-5-6. Joun W. Lies, 1904-5. 

*FRANKLIN L. Pope, 1886-7. 

T. COMMERFORD MartTIN, 1887-8. 

EpWARD WESTON, 1888-9. 

E.inu THomson, 1889-90. 

*WiLiiaM A. ANTHONY, 1890-91. 

ALEXANDER GRAHAM BELL, 1891-2. 

FRANK JULIAN SPRAGUE, 1892-3. 

*EpwIin J. Houston, 1893-4-5. 

*LouIs DUNCAN, 1895-6-7. 

*FRANCIS BACON CROCKER, 1897-8. 

A. E. KENNELLY, 1898-1900. 

Cary HERING, 1900-1. 

CHARLES P. STEINMETZ, 1901-2. 

CuarLEs F. Scott, 1902-3. Comrort A. ApAms, 1918-19. 

Bion J. ARNOLD, 1903-4. CALVERT TOWNLEY, 1919-20. 
A. W. BERRESFORD, 1920-21. 


*SAMUEL SHELDON, 1906-7. 
*Henry G. Stott, 1907-8. 
Louis A. FERGUSON, 1908-9. 
Lewis B. STILLWELL, 1909-10. 
DUGALD C. Jackson, 1910-11. 
Gano Dunn, 1911-12. 

Ratpy D. MersuHON, 1912-13. 
C. O. MaILLoux, 1913-14. 
Paut M. Lincoin, 1914-15. 
Joun J. Carty, 1915-16. 

H. W. Buck, 1916-17. 

E. W. Rice, Jr., 1917-18. 


* Deceased 
LOCAL HONORARY SECRETARIES 


Charles le Maistre, 28 Victoria St., London, S. W., England. 
Guido Semenza, N. 10 Via S. Radegonda, Milan, Italy. 
Laurerce Birks, Public Works Dept., Wellington, New Zealand 
T. P. Strickland, 673 Bourke St., Melbourne, Austfalia 

W. G. T. Goodman, Adelaide, South Australia. 

L. A. Herdt, McGill Univ., Montreal, Que. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E, France. 


Harry Parker Gibbs, Tata Engineering Co., Ltd., York Bldg, Fort Bombay,India. 


John W. Kirkland, Johannesburg, South Africa. 


A. I. E. E. Committees 


GENERAL STANDING COMMITTEES 


EXECUTIVE COMMITTEE 


William McClellan, Chairman, 45 William St., New York 
Ww. A. Del Mar, George A. Hamilton, W. I. Slichter, 
Walter A. Hall, L. F. Morehouse, Calvert Townley. 


FINANCE COMMITTEE 


L. F. Morehouse, Chairman, 195 Broadway, New York. 
H. W. Eales, Harlan A. Pratt. 


INSTITUTE AND RELATED ACTIVITIES | 


SCHUYLER SKAATS WHEELER, 1905-6. 


MEETINGS AND PAPERS COMMITTEE 


E. E. F. Creighton, Chairman, General Electric Co., Schenectady, N. Y. 
Je Cy Clarice S. P. Grace, F. D. Newbury. 

: L. W. W. Morrow, 
Chairman of Committee on Coordination of Institute Activities. 
Chairmen of Technical Committees. 
Chairmen of Sections. 


PUBLICATION COMMITTEE 
McAllister, Chairman, 248 W. 76th St., New York. 
FR, 


Creighton, F. L. Hutchinson, L. F. Morehouse. 
Donald McNicol, 


COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES 
W. I. Slichter, Chairman, Columbia University, New York. 
E. E. F. Creighton, F. L. Hutchinson, L. F. Morehouse. 
A. S. McAllister, 


BOARD OF EXAMINERS 
H. H. Norris, Chairman, 192 Bellevue Ave., Upper Montclair,, N. J. 
Philander Betts, Donald McNicol, N. L. Pollard, 
Wm. A. Del Mar, J. H. Morecroft, E. M. Sawtelle, 
Erich Hausmann, H. S. Wynkoop. 
SECTIONS COMMITTEE 
A. W. Berresford, Chairman, Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
C. Francis Harding, Vice-Chairman 
John B. Fisken, WaeGwrarker, 
Chairmen of all Sections. 


AGS: 
E. E. 


J. Lloyd Wayne, 


COMMITTEE ON STUDENT BRANCHES 
C. Francis Harding, Chairman, Purdue University, Lafayette, Ind. 
A. C. Lanier, C. E. Magnusson, Harold B. Smith. 
Charles F. Scott, 


MEMBERSHIP COMMITTEE 


BE. H. Martindale, Chairman, Martindale Electric Co., Station G., Cleveland, O- 
Vice-Chairmen: 
R. L. Dodd, 

D. B. Fleming. 
R. B. Howland, 


f. L. Kemp; 

J. E. Macdonald, 
George H. Middlemiss, 
W. N. Ryerson, 
Chairmen of local Section membership committees. 


John Salberg, 
M. E. Skinner, 
J. L. Woodress, 


HEADQUARTERS COMMITTEE 


W. A. Del Mar, Chairman, Habirshaw Elec. Cable Co., Yonkers, N. Y. 
F. L. Hutchinson, L. F. Morehouse. 


LAW COMMITTEE 
H. H. Barnes, Jr., Chairman, 120 Broadway, New York. 
Frank R. Ewart, P. Junkersfeld, Charles A. Terry. 
L. F. Morehouse, 


PUBLIC POLICY COMMITTEE 


H. W. Buck, Chairman, 49 Wall St., New York, 
Gano Dunn, John W. Lieb, 
C. E. Skinner, 


Calvert Townley. 


COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT 


C. A. Adams, Chairman, Harvard University, Cambridge, Mass. 
A. H. Babcock, G. Faccioli, Schuyler Skaats Wheeler, 
George F. Sever, 


COMMITTEE ON SAFETY CODES 


H. B. Gear, Chairman, 72 W. Adams St., Chicago, Ill. 
H. C. Cushing, M. G. Lloyd, Farley Osgood, 


J. C. Forsyth, Wills Maclachlan, H. R. Sargent, 
H. O. Lacount, R. W. E. Moore, A. M. Schoen, 
Johnston Livingston, H. N. Muller, H. S. Warren. 


STANDARDS COMMITTEE 


Harold Pender, Chairman, University of Pennsylvania, Philadelphia, Pa. 
H. S. Osborne, Secretary, 195 Broadway, New York, 


G. A. Anderegg, F. C. Hanker, L. F. Morehouse, 
Frederick Bedell, Percy E. Hart, F. D. Newbury, 
B. A. Behrend, H. M. Hobart, S. G. Rhodes, 

QO. B. Blackwell, Dugald C. Jackson, Charles Robbins, 
L. F. Blume, ; P. Junkersfeld, L. T. Robinson, 
G. A. Burnham, G. L. Knight, R. F. Schuchardt, 
Pe. Chase; F. A. Laws, C. E. Skinner, 

E. J. Cheney, C. O. Mailloux, Arthur B. Smith, 
L. W. Chubb, C. S. McDowell, N. W. Storer, 
EP. Cox, W. L. Merrill, John B. Taylor, 
E. B. Craft, J. F. Meyer, A. H. Timmerman, 
Ww. A. Del Mar, Taliaferro Milton, Philip Torchio 

F. M, Farmer, R. W. E. Moore, W. K. Vanderpoel, 
H. W. Fisher, R. B. Williamson. 
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EDISON MEDAL COMMITTEE 
Appointed by the President for term of five years. 
(Term expires July 31, 1922) 

Comfort A. Adams, Chairman, 
L. A, Ferguson, S. W. Stratton. 
(Term expires July 31, 1923.) 

L. T. Robinson, Calvert Townley, 

(Term expires July 31, 1924.) 

H. H. Barnes, Jr: B. G. Lamme. 
(Term expires July 31, 1925.) 

D. E. Drake, W. L. R. Emmet. 
(Term expires July 31, 1926.) 
B, A. Behrend, John H. Finney, C. S. Ruffner. 
Elected by the Board of Directors from its own membership for term of two years 
(Term expires July 31, 1922.) 

F. D. Newbury, W. I. Slichter. 
(Term expires July 31, 1923.) 

L. F. Morehouse, R. B. Williamson. 

Ex-Officto 
Wm. McClellan, President. George A. Hamilton, Treasurer, 
F. L. Hutchinson, Secretary. 


RESEARCH COMMITTEE 


F. B. Jewett, Chairman, 195 Broadway, New York, N. Y. 
B. A. Behrend, Bancroft Gherardi, L. F. Morehouse, 
Frederick Bedell, D. C. Jackson, E. W. Rice, Jr. 


Frederick Bedell, 
E, D. Adams, 


H, M. Byllesby, 


L. E. Imlay, 


A. W. Berresford, 


F. S. Clark, P. Junkersfeld, Clayton H. Sharp, 

Ey Be Cratt, A. E. Kennelly, C. E. Skinner, 

E. E. F. Creighton, John B. Klumpp, Elmer A. Sperry, 

HP. Davis, M. G. Lloyd, Schuyler Skaats Wheeler, 
W. A. Del Mar, John B. Whitehead, 


TECHNICAL COMMITTEES 


EDUCATIONAL 
C. E. Magnusson, Chairman, University of Washington, Seattle, Wash. 


W. C. Bauer, Charles S. Howe, R. F. Schuchardt, 

Edward Bennett, John C. Parker, W.L. Upson, 

C. R. Dooley, G. H. Pfeif, Wm. R. Work. 
H. W. Price, 


ELECTRICAL MACHINERY 
B. A. Behrend, Chairman, 85 Devonshire St., Boston, Mass. 
A. S. McAllister, Secretary, 248 W. 76th St., New York, 


B. L. Barns, V. A. Fynn, A. S. McAllister 
R. E. Brown, David Hall, F, D. Newbury, 
James Burke, He Wariark, Philip Torchio, 

G. Faccioli, V. Karapetoff, Herman L. Wallau, 
W. J. Foster, Paul Lincoln, R. B. Williamson. 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 
Lawrence Addicks, Chairman, 51 Maiden. Lane, New York, 


yn GenGlanica Carl Hering, W. H. Powell, 
I. R. Edmands, L. E. Imlay, J. A. Seede, 
James J. Farley, F. A. Lidbury, J. L. Yardley. 
ELECTROPHYSICS 
F. W. Peek, Jr., Chairman, General Electric Co., Pittsfield, Mass. 
H. D. Arnold, Ge Clarics E. P.. Hyde, 
E, F. Burton, iC. P EBidred, Chester W. Rice, 
L. W. Chubb, Charles Fortescue, H. B. Smith. 
Roy S. Glasgow, 
INDUSTRIAL AND DOMESTIC POWER 
W. C. Yates, Chairman, General Electric Co., Schenectady, N. Y. 
P. H. Adams, Charles D. Fawcett, A. C. Lanier, 
H. W. Cope C. T. Guildford, M. J. McHenry, 
W.E. Date, Henry D. James, A. G. Pierce, 
E. D. Doyle, Fraser Jeffrey, H. P. Reed, 
C. W. Drake, W. C. Kalb, Leo Schirtzinger, 
H. W. Eastwood, C. W. Kincaid Carl F. Scott. 


INSTRUMENTS AND MEASUREMENTS 
F. V. Magalhaes, Chairman, 55 Duane St., New York, N. Y. 


C. W. Baker, FB. P. Cox, G. A. Sawin, 
P. A. Borden, E. D. Doyle H. B. Smith, 
Wm. M. Bradshaw, A. L. Ellis, Irving B. Smith 
H. B. Brooks, H. S. Vasser; 


IRON AND STEEL INDUSTRY 
E. S. Jefferies, Chairman, The Steel Co. of Canada Ltd., Hamilton, On 


F. B. Crosby, R. B. Gerhardt, G. E. Stoltz, 
Gordon Fox, K. A. Pauly, Wilfred Skyes, 
Eugene Friedlaendcr, D. M. Petty, F. H. Woodhull. 


Wm. T. Snyder, 


LIGHTING AND ILLUMINATION 
G. H. Stickney, Chairman, Edison Lamp Works of G. E. Co., Harrison, N. J. 
G. N. Chamberlin, W. T. Dempsey, Charles F. Scott, 
A. B. Cooper, R. C. Powell, B. E. Shackelford, 
J. R. Cravath, W. D’A. Ryan, W. M. Skiff, 


INSTITUTE AND RELATED ACTIVITIES 


vO 


Journal A. I. HE. EK. 


MARINE 
Arthur Parker, Chairman, N. Y. Shipbuilding Co., Camden, N. J. 


L. C. Brooks, Secretary, Bethlehem Shipbuilding Corp., Quincy, Mass. 
I. H. Osborne, 


J. B. Bassett, Wm. Hetherington, Jr. 

R. A. Beekman, H. L. Hibbard, G. A. Pierce, Jr., 
Eskil Berg, J. S. Isdale S. M. Robinson 

Maxwell W. Day, William F. James, H. M. Southgate, 
David D. Faris, C. A. Jones, W.E. Thau, 

E. G. Gallagher, C. S. McDowell E. P. Townsend, 

H. Franklin Harvey, Jr. W. F. Meschenmoser, A. E. Waller, 


F. W. Wood. 
MINES 
Graham Bright, Chairman, W. E. & M. Co., East Pittsburgh, Pa. 
Willard C. Adams, iC, Tisley, W. F. Schwedes, 


R. T. Andras, G. M. Kennedy, F. L. Stone, 
M. C. Benedict, R. L. Kingsland, W. A. Thomas, 
H. W. Eales, A. B. Kiser, C. D. Woodward. 


POWER STATIONS 


R. F. Schuchardt, Chairman, 72 West Adams St., Chicago, Ill. 
H. A. Barre, — H. W. Eales, I. E. Moultrop, 
J. T. Barron, F. C. Hanker, F. D. Newbury, 
A. E. Bauhan, P, Junkersfeld, A. B. Stitzer, 
E. T. Brandon, W. H. Lawrence, H. R. Summerhayes, 
D. H. Braymer, H. P. Liversidge, R. B. Williamson. 
PROTECTIVE DEVICES 
.R. Woodrow, Chairman, W. E. & M. Co., 165 Broadway, New York 
. H. Bragg, E. M. Hewlett, A. Gi, Pierce, 
. H. Chase, F, L. Hunt, N. L. Pollard, 
W. H. Cole, J. B. MacNeill, F. E. Ricketts, 
L. N. Crichton, John C. Martin, D. W. Roper, 
F. C. Hanker, A. A. Meyer, E. R, Stauffacher, 
S. E. M. Henderson, W. 4H. Millan, E. C. Stone, 
E, A. Hester, John B. Taylor. 


TELEGRAPHY AND TELEPHONY 
Donald McNicol, Chairman, 132 Union Rd., Roselle Park, N. J. 


O. B. Blackwell, C. E. Davies, W. O. Pennell, 
C. W. Burkett, F, E. d’Humy, Stanley Rhoads, 
G. A. Cellar, D. H. Gage, Edgar Russell, 
R. E. Chetwood, H. Hulatt, A. E. Silver, 

L. W. Chubb, F. H. Kroger, A. B. Smith, 

E. H. Colpitts, L, F. Morehouse, F. A. Wolff. 


TRACTION AND TRANSPORTATION 
H. M. Brinckerhoff, Chairman, 84 Pine St., New York 


A. H. Babcock, E. B. Katte, N. W. Storer, 
Reinier Beeuwkes, John Murphy, R. W. Stovel, 
R. H. Dalgleish, Hugh Pattison, H. M. Warren, 
W. G. Gordon, W. B. Potter, F, E. Wynne, 
Selby Haar, Ralph H. Rice, C. W. Young, 


Guy A. Richardson. 
TRANSMISSION AND DISTRIBUTION 
Edward B. Meyer, Chairman, Public Service Electric Co., Newark, N. J. 
R. W. Atkinson, John H. Finney, C. N. Rakestraw, 


F. G. Baum, L. M. Klauber, C. C. Robinson, 

Wallace S. Clark, J. A. Koontz, Jr., D. W. Roper, 

W. H. Cole, W. S. Lee, C. H. Shaw, 

W. A. Del Mar, G. J. Newton, A. E. Silver, 

H. C. Don Carlos, A. M. Perry, W. K. Vanderpoel, 

F. M. Farmer, C. T. Wilkinson. 
A. I. E. E. Representatives 


ON AMERICAN ASSOCIATION FOR THE ADVANCEMENT 


OF SCIENCE, COUNCIL 
F. B. Jewett, John B, Taylor. 
ON AMERICAN BUREAU OF WELDING 
W. L. Merrill. 


ON AMERICAN COMMITTEE ON ELECTROLYSIS 
Bion J. Arnold, N. A. Carle, F. N. Waterman. 


ON AMERICAN -_ENGINEERING COUNCIL OF THE 
FEDERATED AMERICAN ENGINEERING SOCIETIES 
Comfort A. Adams, W. A. Layman, Charles S. Ruffner, 
A. W. Berresford, *William McClellan, *Charles F. Scott, 
*John H. Finney, *L. F. Morehouse, *L. B. Stillwell, 
F. L. Hutchinson, L. T. Robinson, Calvert Townley. 
*Members of Executive Board. 


ON AMERICAN ENGINEERING STANDARDS COMMITTEE 
FW. M. Hobart, Harold Pender, C. E. Skinner, 
L. T. Robinson (Alternate) 


ON BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
H. H. Barnes, Jr., Bancroft Gherardi, H. A. Lardner. 


ON ENGINEERING FOUNDATION BOARD 
Frank B. Jewett, E. W. Rice, Jr. 


ON PRANCO-AMERICAN ENGINEERING COMMITTEE 
A. M. Hunt, L. B. Stillwell. 
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INSTITUTE AND RELATED ACTIVITIES 


ON JOHN FRITZ MEDAL BOARD OF AWARD 


Comfort A. Adams, 


A. W. Berresford 
Wm. McClellan 


Calvert Townley, 


ON LIBRARY BOARD OF UNITED ENGINEERING SOCIETY 


Edward D. Adams, 
Eo Cratee. 


F. L. Hutchinson, 
W. I. Slichter, 


Alfred W. Kiddle. 


ON NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL 


COMMITTEE 


The chairman of the Institute’s Committee on Safety Codes, 
ON NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 


C. A, Adams, 


Frank B. Jewett, 


W. R. Whitney. 


ON U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 


A. E, Kennelly, 


C. O. Mailloux, 


ILLUMINATION COMMISSION 


Clayton H. Sharp. 


WASHINGTON AWARD, COMMISSION OF 


John Price Jackson, 


Name 
Akron. 


Atlanta 
Baltimore 


Boston 
Chicago 
Cincinnati 
Cleveland 


Columbus 


Connecticut 


Denver 


Detroit-Amn Arbor 


’ Erie 


Fort Wayne 
Indianapolis-Lafayette 
Ithaca 
Kansas City 
Lehigh Valley 
Los;Angeles 
Lynn 
Madison 
Milwaukee 
Minnesota 
New York 
Oklahoma 
Panama 


Philadelphia 


Pittsburgh 
Pittsfield 
Portland, Ore. 
Providence 


Rochester 


St. Louis 
San Francisco 


Santiago de Chile 
Schenectady 


Seattle 


Southern Virginia 
Spokane 


Syracuse 

Toledo 

Toronto 

Urbana 

Utah 

Vancouver 
Washington, D. C. 
Worcester 

Total 46 


Charles F. Scott. 


LIST OF SECTIONS 


Chairman 
H. C. Stephens 


J. E. Mellett 
Douglas Burnett 


Secretary 


Akron, O. 


R. B. Fisher, 5 Cyril Terrace, 


H. N. Pye, Box 1748, Atlanta, Ga. 
Vern E. Alden, 1905 Lexington 


E Building, Baltimore, Md. 
Lewis W. Abbott F. S. Dellenbaugh, M. I. T., 
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NEW CATALOGS AND OTHER TRADE PUBLICATIONS 
Mailed to interested readers by issuing companies. 


Industrial Lighting Briefs.—<A series of articles, which 
will be published from time to time, on industrial lighting 
problems. Cooper Hewitt Electrie Co., Hoboken, N. J. 

Oil Coolers.—Bulletin No. 904. 16 pp. Describes oil cooling 
system for large Diesel engines. The Griscom-Russell Co., 
90 West St., New York. 

Insulating Material.—Bulletin 6 pp., deseribing various 
grades of “Fibro” insulation manufactured by the Fibroe Insu- 
lation Co., Valparaiso, Ind. 

Ball Beacings. Book 70 pp. ‘Ball Bearings for Electrical 
Machinery.’ Illustrates the application of ball bearings in 
numerous types of rotating electrical apparatus. SKE Indus- 
tries, Inc., 165 Broadway, New York. 

Switchboards and Panelboards.—Catalog, 1922; 90 pp. 
Contains specifications, wiring diagrams and a special section 
devoted to stage and auditorium lighting control. Mutual 
Electric & Machine Co., Detroit. ; 

Circuit Breakers.—Bulletin, 16 pp. Describes a variety 
of remote control cireuit-breakers of both motor and magnetic- 
ally operated types, together with other forms of apparatus 
especially adapted to central station requirements. The Cutter 
Company, Philadelphia. 

Printing Press Drive and Control.—Bulletin 48717, 16 pp. 
Describes the Sprague System of electric motor drive and con- 
trol for newspaper presses; also specialties applicable in com- 
posing room and jobbing department. Sprague Electric Works 
of G. EH. Co., 527 W. 34th St., New York. 

Filament Rheostats.—Bulletin. Describes the ‘‘Bradley- 
stat’? for regulating the voltage or current to the filaments 
of vacuum detectors, amplifiers or transmitting tubes. The 
devices make use of the graphite compression principle, wherein 
the resistance is varied through pressure applied to a column 
of graphite dises. Allen-Bradley Co., Milwaukee. 

Belted Type Alternators.—Bulletin 1099B, 12 pp. Des- 
cribes Types “AB” and ‘‘AH”’ belted alternating current gene- 
rators. The former class are made only in the smaller sizes 
and up to 300 ky-a., while the ““AH”’ type can be supplied in 
any size, the limit being determined solely by the practicability 
and economy of using a belt or rope drive. Allis Chalmers 
Mfg. Co.. Milwaukee. 


Instructions for Making Radio Set.—Circular of the 
Bureau of Standards. No. 120, entitled ‘“‘Construction and 
Operation of a Simple Home-Made Radio Receiving Outfit.’ 
The construction of a very simple radio receiving equipment 
for communication on wave lengths between 600 and 200 
meters from high-power stations within fifty miles is deseribed. 
Directions for operation are also given. The total cost of mate- 
rial used in such a set need not exceed $10. Copies of the cir- 
cular (16 pp.) may be obtained by sending five cents to the 
Superintendent of Documents, Goyt. Printing Office, Washing- 
ona, IDL LC 

Power Factor Correction Condensers.—Bulletin 1. Des- 
cribes a line of static condensers for the correction of power 
factor which ean be applied directly to individual motors. The 
advantages claimed for this apparatus are low first cost; flexi- 
bility, so as to be applicable in large and small systems equally 
well; and capacity to correct the power factor of individual 
motors, which in turn will correct the power factor of an entire 
generating and distributing system. These condensers are 
manufactured under the Segal patents of the Societe Anonyme 


des Condensateurs de Trevoux (Ain) France by the National 
Electric Condenser Company, New Haven, Conn., the officers of 
which are V. M. Tyler, Pres., L. S. Horner and L. 8. Tyler, 
Vice-Pres., and Brower Hewitt, Treas. This company is owned 
by the Aeme Wire Company, also of New Haven. 


CHANGES IN THE INDUSTRY; NEW APPARATUS 


The Wagner Elec. & Mfg. Co., St. Louis, has moved its 
Salt Lake City Office to 313 Dooly Building. 

The High Tension Insulator Corporation, Ballston 
Spa, N. Y., has been organized for the production of moulded 
insulators and parts. 

The Bristcl Company, Waterbury Conn., has perfected a 
sound amplifier for use in connection with radio apparatus, 
called the Audiphone or Loud Speaker. 

The Bristol Company, Waterbury Conn., Recording In- 
struments. A new branch office has been opened at Philadel- 
phia, Room 1311 Widener Building. C. C. Eagle. Jr., formerly 
in charge of the Detroit office, is sales representative. 


Harvey Hubbell, Inc., Bridgeport, Conn., announces the 
recent election of Harry W. Bliven as Vice-President of the 
company. Mr. Bliven has been General Sales Manager of 
the company for more than twenty years, and as Vice-President 
is to continue in charge of sales. 

Jeffery-Dewitt Insulator Company, Kenova, W. Va. 
The main sales office has been removed to 50 Church Street, 
New York. Mr. Raymond W. Lillie has been made General 
Sales Manager, and a Vice-President. It is reported that the 
volume of sales has been increasing rapidly since January 1, 
and that the production this year should be 400,000 insulators. 


The First National Industrial Advertising Conference 
will be held at Milwaukee. June 11-15, in connection with the 
A. A. C. of W. Convention. The problems encountered in 
selling materials and equipment will be discussed, and a num- 
ber of papers on the selling of technical products are to be pre- 
sented. It is expected that many electrical manufacturers will 
be represented at the conference. Programs and other details 
may be obtained from Keith J. Evans, Chairman, 16th & Roek- 
well Sts., Chicago. 

The Brown Instrument Company, Philadelphia, has placed 
on the market a new direct-reading resistance thermometer, 
for use in any process where the temperature must be known 
throughout with extreme accuracy and maintained constantly _ 
within close limits. Among suggested applications where the 
device can be used to advantage are in power plants for many 
temperature measurements, for the temperature of coal piles 
to prevent spontaneous combustion, in chemical processes for the 
approach of anchor ice temperatures in hydroelectric power plants 
in public buildings, and numerous other uses. 

The Manufacturers Electrical Corporation, 123 W. 
Madison St., Chicago, has been organized to act as exelusive 
Middle West representative for a number of manufacturers 
of electrical equipment, including domestic appliances, switch- 
ing equipment, circuit-breakers, wiring specialties, transformers, 
noulded insulation, wire and cable and other apparatus, and 
is prepared to take over the sale and distribution of such equip- 
ment for manufacturers in the territory specified. Edgar 
Switzer, who has been syndicate representative of the Westing- 
house Elee. & Mfg. Co., in its Chicago office territory, has re- 
signed his position to become Vice-President and General 
Manager of the new company. 
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To most people a telephone is merely 
a place to talk into and a thing that you 
hold to your ear. As a matter of fact.two 
hundred and one separate parts are needed 
to make one telephone. 

This complexity calls for an accuracy in 
construction comparable with that demanded 
by the finest watch. Remarkable precision is 
necessary because your telephone must catch 


Yet all these parts make just one telephone 


a most elusive thing—the subtle differences 
in inflection of the human voice. 

To build such an instrument takes skill. 
The ability to.make it better and better as 
the standards necessarily became higher was 
achieved only through years of accumulated 
experience. The Western Electric Company 
has been making telephones since 1877— 
one year after the telephone was invented. 
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Getting something for nothing isn’t Dy 

much of a business principle. If Se Keke y) 

someone tells you he’s saving money 27 \ 

by using plain-bearing motors—just BY 

> ask him if his central station is rec- YH 
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“ tifying power-factor free. y 
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ENTRAL Stations have to pay real money Motors equipped with & KF marked ball bear- on 

for synchronous condensers which they are ings are recognized as substantial helps towards of 

frequently compelled to use to raise the power- increasing power-factor because bearing wear in IC 

factor of the line and furnish the right kind them is eliminated, rotor position is maintained Ne 
of current to you. and a small air gap is constantly kept throughout f 

: : : the life of the motor. oe 

If you are using motors with large air gap or 2 

machines which have low power-factor you are a 

; yi pie : i THE SKAYEF BALL BEARING CO. \ 
taxing the central station—and who pays: ‘ 

: é ee Supervised by Ld) 

The fact is, many companies are penalizing users fe. 

for low power-factor—and giving them a bonus SKF INDUSTRIES, INC. N 

for high power-factor. 165 Broadway New York City BY 
i 
/ 


POWER-FACTOR 


SSG RRO REFERRERS 
ALZA aA % r 


oe iS a As At ZAP 


Wy 
CHUL 


Please mention the JOURNAL. of the A. J. E. E. when writing to advertisers. 


ADVERTISING SECTION Journal A. I. E. EB. 


ALEW DEDRE LL EARINGS 


ir AND THEIR UN egos APPLICATION 
ENGINEERING INFORMATION 
| Issued at frequent intervals to show practical ei of New Departure Bau Bearincs for securing 
@ PLEASE FILE correct Gre aati led and economical service. BINDER OM REQUEST 
New Departure Mr. Co Bristor, Conn No. 97 FE 
| — 
RSet ee eieeiitiell 
A a 
—— 
| “~~ 
(@ 
mr 
| ° P 
={h 
| E [ 
—} 
IZ 
| rh 
{ silos. 
—_o 
—— Electrical Drive for Elevator Worm Gearing. 
Se Sr ae a 
2S. ee 
—— r ) Several examples have been given in preceding bulletins of worm gear driven =Sscsee 
elevator winding drums, and the utility of ball bearings for this purpose has been made === 
Saw a 
== evident. In the gearing depicted above, a friction coupling is interposed between the - A 
7 dnving motor and the driven worm shaft to relieve the gearing of shocks due to sudden a 
oe start: Th } i is d by lar ball b xs of aa 
— starts or stops. he electric motor armature is supported by annular ball bearings o — 
| the single row type and carries a spur pinion at the end of the shaft which meshes — ne || 
| with a large spur gear forming a part of the driving clutch. The worm shaft is sup- 
| 5 : " 
HI ported by two single row bearings mounted to take radial loads only and one double 
HHI =< —— row to resist the worm thrust and support its share of the radial load as well. All 
-——-_ parts of the gearing and its supporting bearings are thoroughly enclosed and intended 
AS to operate in a bath of lubricant 
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Of sooty byproducts of the ovens. 
: obtain. an idea of the volume of impurities sncoun- 
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Illustratians show structure 


used to solve various problems. 


The poles in the large cut are 
on the Virginian, Power Com- 
pany lines in West Virginia, 
Mr. C. O. Lenz, Chie 


Such poles can be se 


ngineer. 
on all 
steel foundations of our 


or on concrete foundations. 


Can be used in rough country 
and on valuable rights-of-way, 
where structures must occupy 


minimum ground space. 
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he left hand cut shows struc- 
ures on the transmission line 
rom Taylors Falls to Minne- 
polis, Minn., on the system of 


the Minneapolis G. E. Company, 


The high pole made of 4 angles 


laced in the right hand cut is 
on the Fonda, Johnstown & 
RoE ReeCo: 


Gloversville Line 


from Tribes Hill to Amster-. 


dam, N. Y. 


We shall be pleased to have 


your inquiries for such struc- 
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tures. 


Please mention the JOURNAL of the A, I. E. E. when writing to advertisers. 
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TRUE CONS ERVATION 


THE LARGEST HIGH-HEAD 
AND THE LARGEST LOW- 
HEAD HYDRO-ELECTRIC 
PLANTS IN THE WORLD 
BOTH DEVELOPED BY 
STONE & WEBSTER, INC. 
HAVE SAVED THE COUNTRY 
OVER EIGHT MILLION 
TONS OF COAL TO DATE 


STONE & WEBSTER 


INCORPORATED 


46 STRUCT R ON | 


NEW YORK, 
Cc 


CHICAGO, 38 S. Dearborn Street 
SAN FRANCISCO, Holbrook Bldg. 


TSBUR GH 


BOSTON, 147 Milk Street 
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Play Sate 
On Your Poles 


When you specify the “P & H” Guar- 
anteed Penetration Process, we 
assume full responsibility for an 
100 percent job of Butt-Treat- 
ment for your poles. 


‘ 


We guarantee without quib- 

bling to refund the entire 

a \ Butt-Treating price on 
WHS \\ every pole that does not 
PA show the specified half 

\ AN inch uniform penetra- 


\ : } \ tion. 


PAGE & HILL ce : , ; Sage ~~ . \ Write for an illustra- 
GUARANTEED iN a WN . \N ted description of the 


4“ ” 
One -Half Inch SSRN P & H” Guaranteed 


| SN GSO \ Penetration Process. 
PENETRATION \ 


% 3 
Sen 
Se. 


Copyright 1922 
by bP. & B. Co. 


Do not be satisfied with any substitute process. Insist upon the original,—the “P & H.” 


We produce and sell treated and untreated Northern White and Western Red Cedar 
Poles;—we can give you any form of Butt-Treatment;—and we are the originators of the 


Guaranteed Penetration Process—the “P & H.” 


PAGE “&° HILL CO 


MIINNEAPOLIS , MINN. 


Times Bldg., New York, N.Y, 717 Bryant Bldg., Kansas City, Mo. 19 S. La Salle,Chicago, Ill. 
1111 Carter Bldg., Houston, Tex, 311 Sumpter Bldg., Dallas, Tex, 1416 Starks Bldg., Louisville, Ky, 
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- No Solder — 


Just a monkey wrench 


: 


The photograph shows part of a pole on the 
overhead lines of the Detroit M. O. Street 
Railways, Detroit, Mich. The pole carries 
the power leads from the Howard Avenue 
sub-station and in the box is shown the method 
of using 1,000,000 C. M. straight 2-way 
Dossert connectors for connecting the under- 
ground return system to the overhead system. 
In case of trouble or test work the negatives 
can be opened in very little time. This is a 
very large labor-saving factor over the old 
method of making and soldering the joints, 
and a big saving as compared with the use of 


switches. 


The M. O. system is using Dossert connectors 
(cable tap style) on all feed-in spans with 
very fine results. The old method of re- 
moving feed span connections from feeder 
would mean unsoldering and un-serving wrap 
joint which would mean a delay of at least 
three quarters of an hour. With Dossert con- 
nectors the same job can be accomplished in 


five minutes. 


(Signed) E. M. Booth, 
Superintendent of Lines 


Please mention the JOURN 


ADVERTISING SECTION 


Dependability 
Economy in Installation 
Efficiency in Service 


These are distinctively 
Dossert characteristics 


Send for Catalog Fifteen 


Dossert & Company 
H.B. LOGAN, President 


242 West 41st Street, New York 


Al of the A. |. E: E. when writing to advertisers. 


o 


~ DOSSERT Solderless CONNECTORS 


This 
is a 
DOSSERT 
SOLDERLESS 
Cable Tap 
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Chalmers Steam Turbine 
and Alternator Units 


have earned an enviable record for 
efficiency and reliability, and the 
fact that a large proportion of our 
output is for customers already using 
Allis-Chalmers equipment indicates 


the operator’s 


apparatus. 


confidence 


TOUT 


Sizes from 200 kw. up for most exacting conditions. 


A-C. PRODUCTS 


Air Brakes 

Air Compressors 
Cement Machinery 
Condensers 
Crushing Machinery 
Electrical Machinery 
Electric Hoists 

Farm Tractors 
Flour Mill Machinery 
Forgings 

Gas Engines 
Hydraulic Turbines 


ies 
(divans is 


uy 


A-C. PRODUCTS 


Metallurgical Mach*’nry 

Mining Machinery 

Oil Engines 

Perforated Metals 

Pumping Machinery 

Reciprocating Pumps 

Saw Mill Machinery 

Steam Engines 

Steam Hoists 

Steam Turbines 

Timber Treating and 
Preserving Machinery 


MILWAUKEE, WIS. U.S. 


Please mention;the JOURNAL of the A. I. E. E. when writing to advertisers. 
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AV Ee a cracker box philosophers have 


_ wrangled this deep question with no 
solution. 


HERE’S ANOTHER ONE— 


Which comes first,—the lubricating oil or 
the machine that uses it? 


The answer is: It depends. 


In the old hit or miss days of lubrication, a 
machine was erected, and then there was a 
scurrying around to find an oil that would 
work on it. 


Unfortunately some of this primitive prac- 
tice exists today. 


But because of the evolution of Lubrication 
Engineering (and with due modesty we say 


this) largely through the example set by the: 


alert body of men who comprise the staff of 
Texaco Lubrication Engineers, the old way 
is passing. 


You may be interested to know that often— 
very often we co-operate with equipment or 


‘Which Came First 
the Chicken or the Ege? 


machine builders, while the children of 
their brains are still in the blue-print stage. 


We give them scientific advice. We tell 
them the right grade of Texaco Lubricating 
Oil to use—even before the unit is built. 


Our collective experience enables us to do 
this. We do not have to wait till the ma- 
chine is in use—and then by “trial and 
error’ find something that will work. 


We know in advance. 


And so, when we take over the lubrication 
of a mill, plant, shop—anything— we do 
not have to fiddle around. 


From the very first we give you the proper 
lubricant, in the right amount for every 
bearing, gear or mechanism—in the whole 
works. 


And when you are buying or installing a 
new type of prime mover or machine you 
do not have to worry or experiment with 
lubricants. Call on Texaco. It is probable 
—or better, certain—that we’ve been all 
through it—and can tell you just what to use. 


There is a Texaco Lubricant for every purpose; and 
Texaco Lubrication Service will tell you accurately 
what kind and what amount to use. 


Texaco Delivery Service will get the oils to you on 
time.—We can ship instantly train-load or five-gallon 


can. 


rEfaco 


yT { 


1 Tit 


THE TEXAS COMPANY 


TEXACO PETROLEUM PROD UCTS. 
Dept. EE, 17 Battery Place, New York City 


TEMCO 


y T { 


This coupon, when filled out and mailed to us, entitles you toa FREE 


a Free Subscription Blank -----------------~~ es 


11 


subscription to our magazine “Lubrication”? which is published monthly 
by us and is devoted exclusively to the use and selection of lubricants. 


JOURNAL of the A. J. E. E. when writing to advertisers. 
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Westinghouse Relays 


A Complete Line 


Type cT cerpetacars 
Relay 


reliable means known for obtaining the following 
results: Neg 


Protection of electric-power equipment * 
fromm short circuits and grounds. 


Prevention of interruptions in service and 
costly shutdowns due to line troubles. 


Efficient loading of transmission lines 
and distribution feeders. 
Type CR Reverse 


ae To obtain these results the expense of 
installing Westinghouse Relays on your 
system is fully justified. 


This complete line of Westinghouse Relays is de- 
scribed in detail in the Westinghouse Catalogue of 
Electrical Supplies on pages 643 to 660 inclusive. 


neC ase Relay 
forA cure 


TupeCV Voltage 
Relay + 


Bid 


TypeM Multiple- Cordack 
Auxiliary D.C.Relay. 


We lupe ServiceRestoring 
Relay 


TupeKN Signal and 
Trip Free Relay 


Cycle counter for 
measuring time of 
operation of relays 


os 


Type CB Overload 


TupeD Reverse-current 
Overload and pes ee 
Cc 


TypeTO Over load 
Relay D.C. 


Relay, D.C. 


Westinghouse Electric & Manufacturing Company 
Newark Works, Newark, N. J. 


Westinghouse 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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ANNOUNCING 


The Westinghouse 
Transformer Load Indicator 


ESTINGHOUSE 
ELECTRIC 


Arranged for mounting in the drain plug of a distribu- 
tion transformer, the Westinghouse Transformer Load 
Indicator}provides a ready means of detecting an over- 
loaded or an underloaded transformer. 

The indication is given by a yellow semaphore which 
has a surface of 214 square inches and which can, there- 
fore, be readily seen from the street by the patrolman. 

The semaphore is released when the predetermined 
temperature is reached or exceeded. The indicator 
can be set to trip the semaphore at any desired tempera- 
ture trom 50° to 100° C. 

The construction of the Westinghouse Transformer 
Load Indicator has been kept as simple as possible con- 
sistent with a high degree of reliability, to permit its 
general use on the hundreds of thousands of distribution 
‘ transformers in service. 

It is Accurate in Calibration 

Reliable in Operation 

Simple to Install 

The Westinghouse Transformer Load Indicator fills 
a long-felt need in the efficient application and overload 
protection of distribution transformers. 


Leaflet 3437 gives full particulars, copy mailed upon request. 


Westinghouse Electric & Manufacturing Company 
East Pittsburgh, Pa. 


Westinghouse 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Some Users of 
Acme Magnet Wire 


Auth Electrical Specialty Co. 
Century Electric Co. 


Connecticut Telephone & Elec- 
tric! Go; 

Crocker-Wheeler Co. 

Dayton Engineering Laborato- 
ries Co. 

Delco Light Co. 

Diehl Manufacturing Co. 

Domestic Electric Co. 

Eiseman Magneto Co. 

Electric Specialty Co. 

Electrical Products Manufac- 
turing Co. 


Eureka Vacuum Cleaner Co. 

Ford Motor Co. 

Gray & Davis, Inc. 

Holtzer-Cabot Electric Co. 

Hoover Suction Sweeper Co. 

Klaxon Co. 

Remy Electric Co. 

Robbins & Myers Co. 

Sangamo Electric Co. 

U.S. Auto Supply Co. 

Ward Leonard Electric Co. 

Westinghouse Electric & Manu- 
facturing Co. 

Willys Corporation. 


Acme Wire Products 
Include 


“Enamelite,” plain enameled 
Magnet Wire; ‘‘Cottonite,’’ Cot- 
ton-covered Enamelite; ‘‘Silk- 
enite,’’ Silk-covered Enamelite; 
Single and Double Cotton Mag- 
net Wire; Single and Double Silk 
Magnet Wire. We also have a 
complete organization for the 
winding of coils in large produc- 
tion quantities. 


66 
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Brown’s coil output increased 20% 


Joe Brown is a winder in an auto- 
mobile plant. One day his foreman 
brought him some new wire. ““They 
want us to try this out, Joe,” he said. 


Joe slipped a spool into his machine 
and went to it. By the end of the 
week they found his output of perfect 
coils had jumped 20%. 


“How do you account for it, Joe?” 
they asked him. “Why,” said the 


winder, “this new stuff goes in the space.” 
The “new stuff” was Acme Wire. 


* * * 


What that operator meant was that 
Acme Wire is so uniform, so perfectly 
insulated, and so free from lumps and 
imperfections, that more coils could be 
wound with it in a given time—and a 
higher percentage of perfect coils— 
than with wire that does not have such 
high winding efficiency. 


For Acme Wire is made to wind 
easily, swiftly, and without having to 
stop the machine to hammer down or 
to replace imperfect wire. We wind 
hundreds of thousands of coils every 
year in the Acme plant; we know the 


problems of the winding room, and 
have worked for years to solve them. 


This factor of low-cost winding is just 
as important as high-quality material; 
for many a low-priced wire becomes 
extremely expensive in the end, through 
its poor winding quality. Naturally, 
there has been a tendency to overlook 
this particular phase of magnet wire 
during the last few years, in the rush 
for production at any cost. 


But today, manufacturers who are 
seeking in every way to reduce costs, 


‘or to make better goods at no greater 


cost, are investigating the winding 
efficiency of wire, and we have many 
instances on record where savings of 
20% to 30% have been effected through 
the use of Acme Wire, chiefly because 
Acme Wire goes in the space. 


Purchasing Agents who keep in close 
touch with their winding departments, 
as well as engineers who work out 
specifications and cost figures on coils 
and windings of all sorts, find that it 
pays to use Acme Wire—for its high 
quality of copper and insulation, and 
its exceptional economy on the wind- 
ing machine. 


Our new illustrated catalog will be sent to 
Engineers and Purchasing Agents on request 


THE ACME WIRE CO., New Haven, Conn. 


NEW YORK 


CLEVELAND 


CHICAGO 


eWir 


t goes in the space 
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he ordered— 
A ROCKWOOD PAPER PULLEY 


—to replace it! 


a fmal pulley on a motor is usually a 
Rockwood Paper Pulley. When other pulleys 
fail—whether it be from structural defects or 
from poor transmitting capacity—then the user 


turns to ROCK WOOD for pulley service. 


This user bought and paid for a special wood 
pulley for his motor—butit failed. He has ordered 
a Rockwood Paper Pulley to replace it. And 


now his pulley troubles are over. 


Possibly in your plant you, too, have unsatisfactory 
motor pulleys that should be replaced with Rock- 


See that the pulleys you aper Pulle S. 
buy bear one of the Rock- wood P P y 


wood Labels. 


THE ROCKWOOD MFG. COMPANY 1947 English Avenue., Indianapolis, U.S.A 


the Power=All the Time 


ROCK WOOD 2E8ic 


JOURNAL of the A. I. E. E. when writing to advertisers. 
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Aeevou Alive to 
the Facts that 


b 


has a tensile strength of from 12,000 to 15,000 lbs.—a compres- 


sive strength of 25,000 lbs.—and a shearing strength of 10,000 
lbs. to the square inch > 


Do you realize that this remarkable material is almost as strong 
as iron, yet lighter than aluminum? 


Are you aware that it is rustless, splinterless, highly dielectric 
and practically indestructible? 


Do you know that it is adaptable to every machining process, 
may be bent or formed into almost every conceivable shape 
and will take any finishing process? 


Do you know that you can obtain Diamond Fibre in standard 
sheets, rods and tubes—in practically every color—and every 
degree of hardness from rigid to flexible? Or, that we will 
machine it to your specifications? 


Are you”aware that this material has been used for years in the 
manufacture of thousands of products? 


All of these facts lead to one thought. Perhaps you have over- 
looked this labor saving, cost reducing, universal raw material. 
Find out all about it now. Write us—tell us what you make— 


and let us get together. Maybe we can suggest something that 
will be mutually advantageous. 


Diamond State Fibre Company 
Bridgeport (Near Philadelphia) 
Branch Factory and Warehouse, Chicago 
Offices in Principal Cities 
In Canada: Diamond State Fibre Comgany of Canada, Ltd., Toronto 


Penna. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Western Red and Northern White 


CEDAR POLES 


al 


PRESERVATION 


The Brand of Quality 


Better Preservation for Poles 


THE VALENTINE-CLARK CO. 


Minneapolis Spokane 
Philadelphia Toledo Chicago New York 


JOURNAL of the A. I. E. E. when writing to advertisers. 
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Putting a three dimensioned job on O-B Insulators 


Besides electrical insulation there 
are two other important functions 
ee which O-B Station Insulators per- 
form well. 


One of these is the mechanical 
strain which is often severe—at 
least momentarily. 


And the other thing that O-B In- 
sulators do well is FIT. Particu- 
lar care is taken in designing O-B 
Station Insulators to keep them com- 
pact and in assembling them to fol- 
low exact specifications. 


There is a large variety of standard 
and special O-B Insulators for sta- 
tion use. 


tre Ohio (R) Brass ce 
# Ohio,US.A. 


Mansfield 


New York Philadelphia Pittsbur 
gh Charleston,W Va. Chicago L i 
Products: Trolley Material, Rail Bonds, Electric Railway Car Equipment, a ieee «eect ale Se 


Paris, France 
High Tension Porcelain Insulators, Third Rail Insulators 


Please mention the JOURNAL of the A. I. E..E> when ‘writing to advertisers. 
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These Features of 


any rd —a 
— . q 
= _ -— = — 


PRANSFORME 
SPEAK FOR THEMSELVE 


Bushings extend below 
oil level. 


Porcelain Terminal Board 
Bushings and Terminals 
in straight line prevent 
wrong connections. 


Leads held rigid in heavy 
tubes. 


Steel band holds Trans- 
former in place in case. 


Heavy coil bracing. 
Coil subdivided into many 


part coils reducing unit 
strains. 


Structural steel core clamp 


Treated hard wood 
blockings. 


‘Coil bracing. 


Every turn of wire 
exposed to oil. 


Write for Bulletin 111-J 


KUHLMAN ELECTRIC CO., Bay City, Michigan 


Jew York i ) Jasey & Co., 50 DISTRIBUTORS: Pittsburgh, Duquesne Electric & Mfg. Co. 
DISTRICT OFFICES: Now York, Hie iiadelphia, 114 North San Francisco. C. F. Henderson, Call Bldg. sees ae Pia 
Church St. Buffalo, 1 Hippodrome Bldg. Milwaukee, 453 EH. Electrical Supplies Co. Charlotte, oO. F. Asbury, er ee 
11th St. Cleveland, 5} "BE t. Minneapolis, 917-A Bank Bldg. Chicago, Electrical Material Co., 158 W. Lake St. 


is Wis., P. O. Box 404. 
ee hts eee Louis, 1205 Olive St. Los Angeles, 406 


American Bank Bldg. Detroit, 205 Kresge Bldg. 


‘©A Kuhlman Transformer is the result of 28 years of doing one thing and doing it RIGHT.” 


SEE SE Ee 


ion the JOURNAL of the A. I. E. E. when writing to advertisers. 
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MOLONEY 


TRANSFORMERS 


FOR POWER SERVICE 


Moloney Power Transformers are de-— 
signed and built to give the maximum 


service demanded of transformers of this 


kind. 


Low Densities in iron and copper, 
Large Cooling Surfaces, Liberal Insulation, 
and Great Mechanical Strength are the 
well-known features of Moloney Power 
Transformers which have made them so 
thoroughly satisfactory in this field of 


service. 


Send for the new Moloney Catalog! 


Moloney Electric Co. 


Manufacturers of TRANSFORMERS EXCLUSIVELY 


Factories: 


St. Louis, Mo. Windsor, Can. 


Offices in All Principal Cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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I. P. Morris Hydraulic Turbines 


The Wm. Cramp & Sons Ship & Engine Building Co. 


Richmond and Norris Sts., Philadelphia 


55,000 Horse-Power Turbine 


for the Hydro-Electric Power Commission of Ontario— 


Niagara Development 
Head 305 feet. Speed 187.5 R. P. M. 


The Most Powerful Vnits in the World 


The casings for these units are of cast This avoids the usual inadequate Oth : 
: 4 Z . : : e 1 
steel and a new form of design has bolting at the intersection of the radial r Spec al Features 
been employed for their construction. flanges with the speed ring and pro- Incorporated in Design: 
duces great rigidity and strength. 


No separate speed ring or stay vane Spreading Draft Double Acting 
Tube Shearing Links 


ring is used. When subjected to a hydrostatic pres- 


sure of 260 lbs. per sq. in., equivalent Offset Operatin ; 
The casing is subdivided by many to 600 ft. head, or twice the normal op- Menha nism 3 Labyrinth Seals 
radial planes and the stay vanes are erating head, the casing was found to Disk Guide Vanes |. P. Morris Gover- 
éast integrally with each section. The be absolutely tight and free trom de- eve cation Ptubeic Ror sn AUS. 
larger sections are further subdivided fects of any kind upon the first appli- cating System Gantrol 


by longitudinal joints. sation of pressure. 


Designers and Builders of the Johnson Hydraulic Valve 


Dominion Engineering Works Limited, Montreal, Canada. Sole Builders of I. P. Morris Turbines in Canada. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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CONDIT QC] 


Outdoor 
Oil Circuit Breaker 


As the powerful railroad snow TE are One Seer reac Os SPECIFICATIONS: 

: e—when emergency hits your over- 
plow clears the line when traffic head. Conservatively designed, sturdily AOD Aap oe 
is blocked by winter drifts—so built, weatherproof, the CONDIT Type : 3 


ed, tripping transformers for 
automatic operation. Manu- 
ally or electrically operated, 


does the rugged, dependable construc- ©-1 isaswitch on which you can equally 
tion of the CONDIT Type O-1 Outdoor rely to withstand the attacks of storm 
Oil Circuit Breaker enable you to clear _and sleet, and the stresses of opening 
your transmission and distribution lines high power circuits. 


CONDIT ELECTRICAL MFG. CO. 
Manufacturers of Electrical Protective Devices 
BOSTON 27, MASS. 

Northern Electric Company 


UMTED 


Sole Distributor for the Dominion of Canada 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


“he 
‘ 


: 
une 1922 ADVERTISING SECTION 23 


Bates Pole ree Save Money and 
Build Lines That Last for Generations 


Build your pole line with Bates 
One-Piece Steel Poles— The most 
permanent construction known with a lower 
first cost than an equivalent line of any other 
construction—steel or wood. 


Interest Charges: You save materially on 
the first cost of construction. This reduces the 
interest charges. 


Depreciation: You save enormously on de- 
preciation; 2% per year is more than ample for 
Bates Poles. 


Maintenance: You reduce your replacement 
and maintenance to a minimum. 


TESTED POLES — Tested steel — Bates Pole 
strengths are definite. Every pole automati- 
cally tested. 


Service: Your service is improved in every 
possible way; Bates Poles are sound and staunch 
in storms; impervious to lightning destruction ; 
the insulators are reduced to a minimum. 


Considering these facts— 
Can you logically use any other 
type of construction? Write for 
Pe OF tee EE eae Le 
TREATISE and estimates on 
your construction and be con- 
vinced that these facts are true, or 
get in touch with one of our dis- 
trict offices in all principal cities. 


=) 
Boss fibendet} cot ross G. 


208 South La Salle Street 
Chicago, Ill., U. S. IN. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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The Most Convenient Accessory Ever Added 


toa Transformer 


= 


Single-Phase 33 
kv. transformer 
ready for tank, 
showing Ratio 
Adjuster. 


Ratio Adjuster 
Contact Unit. 


Transformer Ratio Adjuster 


Just a fractional turn of the knob above the surface of the 

oil near a hand hole opening—and the adjustment is made. 
The principal advantages are: 

Ease and safety of changing taps. 

No waits for better weather or transformers to cool. 

3. No loose parts to be accidently dropped into the windings. 

4. Nocontacts that can be left loose. 

5. Contacts are thorough and positive. 

6 


No diagrammatic sketches to be unravelled with possibility 
of errors. ( 


7. Error proof. No open or short circuits by failure to make 
right connections. 

8. Elimination of complicated and live terminal boards. 
The Ratio Adjuster is an exclusive and original G-E de- LE 
velopment. Its merit has been established by five years of Ratio Adjuster Complete. 
excellent service records. It is designed for the maximum 
possible conditions of service, i. e., full circuit current of the 
transformer and full line voltage between the tap leads. 


The Adjuster is regularly supplied on standard distribution 
and small power transformers, sizes 50 to 500 Kv-a. above 
6000 volts and 10 to 500 Kv-a., 13,200 volts and higher. 


lectric 
PANY WSR .. 
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The safety of a transmission line’s operators and equipment 
depends on the ability of its oil circuit breakers to clear 


disturbances 


Type FK 35 Oil Circuit 
Breaker, 4 pole. single 
throw for use on 600 
volts at 600 amps., with 
operating lever. 


15,000 volts, 1,200 amp.. triple pole, 
single throw bottom connected type FH 6 
Qil Circuit Breaker, mounted in tandem. 


G-E Oil Circuit Breakers 
Have Met the Tests 


The severe duties which oil circuit breakers are called 
upon to perform and the great losses which may result 


Type FK-32A_ Oil Circuit from a failure in operation, makes their selection of great 

ieee aN arunie pole, 

single throw, for use on 1 l i 

Aeros) 00 nen importance and a matter which should always be given 
with operating lever, careful consideration. 


G-E oil circuit breakers are available for the needs of all 
installations which are commercially feasible. 


There is a G-E oil circuit breaker which has proved its 
fitness to meet the service requirements of each particular 


field. 


G-E engineers are always available for consultation when 
oil circuit breaker problems are under consideration. 


Type FK 52B Oil Circuit 
Breakers, triple pole, 
25,000 volt, 800 amp., 
with automatic tripping 
attachment. 


Sales Offices 1n GAA-86 


General ‘Office 
all large cities 


Schenectady. NY 
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(THE MEN whose skill and experience 
select the materials and direct their 
fabrication into AMERICAN FIBRE 
CONDUIT have made fibre conduit 
since its earliest days of production. 


This unique experience is the founda- 
tion of the high quality which has led 


GENEOUS CONSTRUCTION, light, 
strong and compact. 


Large stocks of the two types of joint, 
the mortise and tenon or Socket Joint, 
and the tapered sleeve or “‘American”’ 
Harrington Joint, with Bends and Fit- 
tings make possible immediate shipments. 


to its wide use for UNDERGROUND 
ELECTRIC SYSTEMS. 


American Fibre Conduit is of HOMO- 


AMERICAN FIBRE CONDUIT is 
distributed throughout the United States 
by the 48 Distributing Houses of the 


Western Electric Company 


Offices in All Principal Cities 


American Fibre Conduit Corporation 


GENERAL SALES OFFICES 
103 PARK AVE. AT 41st ST., NEW YORK, N. Y. 


FACTORY: FULTON, N. Y. 
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METROPOLITAN 
All=Metal Seals 


GUARANTEE 
PROTECTION 


PE TTTUTTTTULAATLLLLLLLLLLULLLLLLLLLLLLLLLLLLLLLLLA CALA LLLUURLLLLLLLLELLLLULCOCCLAACACCCLULCUOLULUULLCMLLOLLLLLCLLLCOCLL ACO CUCCUULUULMLLLLLLLUDCLMOOMOUOUUCOOOUUUUOMMOOO I LCULMLLLUOMOOMOODOOTOUOTOOOUOUOOOUOUOUUU MMU MOTOOTTTOOOUU 
DAML LL LLL LLL LLL LLL LEAL LLL LLL LLL LLL LLL LULL LLCL LULL OLLOL LLL ULLMAN 


No Sealing Tools Required 


Let us tell you about them 


Metropolitan Device Corporation 
1250 Atlantic Avenue, Brooklyn, N. Y. 


METROPOLITAN DEVICE CORPORATION 
1250 Atlantic Ave., Brooklyn, N. Y. LED Pn RETO O MOOT OG Guidc BRS cee hls 6 aia oa Title 


Please send your latest data on All-Metal Seals. 
It is understood that this incurs no obligation. 
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Overhead 
Construction 

G & W Potheads meet the most exacting 

requirements—Reliability, | Permanence, 


Ease of Operation and a selection that will 
fill any requirement. 


Let us figure your 1922 construction. 


Catalog No. 11 sent on request. 


Underground 
Construction 


G & W Boxes, Low and High Tension are 
designed with their purpose in view and 
give just that operating efficiency which 
is desirable. 

Let us figure your 1922 construction. 


Catalog No. 11 sent on request. 


G&W 
Electric Specialty Co. 


7440-7452 South Chicago Avenue 
Chicago, Illinois 
Sales Representatives in the Principal Cities 


. of the A. I. E. E. when writing to advertisers. 
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INTEGRATING 
SPHERICAL PHOTOMETER 


Measures Lumens or Mean Spher- 
ical Candlepower of Lamps up 
‘to 1500 Watts 


Using the Well Known Perma- 
nently Built in Sharp - Millar 
Photometer 


Scale Range 50 to 45000 Lumens 


Standardized by The Electrical 
Testing Laboratories 


Average Capacity 80 to 100 Lamps 
per Hour 


Entirely Self-Contained 
No Darkroom Required 


Write for Catalogue No. 32 


FOOTE, PIERSON & CO., INC. 


EAE IS . a 160-162 DUANE ST., N. Y.C. 
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UNDERGROUND CABLE 


About two and one-half million feet of lead- 


covered paper insulated cable, made by six different 
manufacturers, were inspected and tested during 
1919, 1920 and 1921. 


Specially complete facilities for dielectric loss and 


other laboratory tests and investigations. 


ELECTRICAL TESTING LABORATORIES 
80th Street and East End Avenue 
New York, N. Y. 
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moe PT IREX 


(ALL RUBBER) 


PORTABLE CORD | 


Tirex Cord is noteworthy because of its clean outer 
surface. It may easily be wiped clean when 
soiled and is always ready for the next job. 
It does not collect and hold dirt or 
grease and ‘will not absorb 
moisture. 


Send for descriptive circular 


SIMPLEX WIRE & CABLE @ 


MANUFACTURERS 


20) DEVONSHIRE ST. BOSTON 9 
CHICAGO - SAN FRANCISCO 


smn 


Your Judgment 


in the selection of wires and cables for that new power plant may, perhaps, be: 
assisted by consideration of the facts which guided the judgment of the eminent 
engineers and constructors who selected 


Sranparp Wires and Cables 


UTOTTTTUTNTNUOQUUUUUOUUUOUUUULLDOLIU UOC. LULLLLLLLLLL 


Pe for use in this large power plant. Among engineers it stands 
aa See ae for maximum power plant efficiency and dependability as do? 
Light Co., Pitts- STANDARD Wires and cables among discriminating buyers. 

Da bthinsoire: Oo: : Write our nearest office about your wire and cable problems, + 
Inc., Engineers i ss pig ; 
Bad Conavucrore. Standard Underground Cable Co. ..., 


Boston, Atlanta, Chicago, Pittsburgh, Detroit, New York, Philadelphia, Minneapolis } 
San Francisco, Seattle, St. Louis, Salt Lake City, Los Angeles, Washington, Kansas City 
For Canada: Standard Underground Cable Co., of, Canada, Ltd. ~~ 
Montreal, Hamilton, Winnipeg, Toronto. 


nn 


EAM Ty 
Please mention the JOURNALfof the A. I. E. E. when writing to advertisers. 


(pa 


My 


UUUUERHUUUUTUVVNNN00N0NEDO DOPE TTA 


MT MM 


sill 


ies) 
(=) 


MMMM 


JIhI 


PUM MMMM UL 


The American Transformer 


ADVERTISING SECTION 


Greetings: 


A. 1. E. E. 


T YOUR 1922 Annual Conven- 
tion in Niagara Falls, Ontario, 
you will discuss the many varied 

problems of electrical engineering. It 
is a truism that accompanying most 
advances in electrical science and at- 
tendant on the majority of new appli- 
cations of electricity,the question of 
the proper type transformer is usually 
present. 


UUUUUTTUUULLTLLLLELLULERLLUCEAUELUGALUCEEALLLOALULCEALLOOELLUGALUUELLCGGELUCGGEULCOAAUCEEULUCEA LEGA LCEA RA 


The particular function of the 
American Transformer Company and 
its technical staff is to design and build 
transformers made for individual pur- 
poses, beyond the limitations of ordi- 
nary commerical types. New applica- 
tions of electrical energy to industrial 
processes demanding transformers of 
special design interest us particularly. 


For years this Company has been 
building specialty type transformers. 
It has manufactured hundreds of 
transformers that are being used in 
almost as many kinds of industries. 
Superior results are obtained from 
AMERICAN TRANSFORMERS, 
because they are custom-made 
for the highest efficiency. 
AMERICAN TRANSFORMERS 
have an enviable reputation for op- 
erating economy and long life. 


Electrical engineers and others are 
invited to confer or correspond with 
us on any transformer problem. 
Our specialized skill and knowledge — 
the result of years of study and ex- 
perience —are at your service. 


Company 
176 Emmet Street, Newark, N. J. 


TRANSKGR: 
WSRORMERS 
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Cleveland 


WORM GEA 
REDUCTION Eres 


Cleveland Worm Gear Reduction Unit applied to mill line shaft, 
Motor 400 H.P. 


No trouble— make it 
unanimous. 


I’ you as a buyer of speed reduction devices 

could only sit on our side of the desk for a 
few months you would be as enthusiastic as we 
are over Cleveland Worm Gear Reduction Units. 


You would come in contact with the truth. 
You would read letters from America’s greatest 
industrial concerns in many lines, you would talk 
to engineering firms who specialize on factory 
equipment; you would see letters from customers 
who have been using our speed reduction units 
for six and seven years and you couldn’t help 
but come to the conclusion that we are making a 
wonderfully efficient and satisfactory device. 


For the tone of all the letters and the frequency 
of repeat orders would evidence one outstanding 
fact—‘‘no trouble”. 


Consider that we offer constant efficiency 
during entire life, even torque, freedom from 
vibration, compactness, simplicity, (only two 
moving parts aside from bearings) low mainte- 
nance cost, and ease of lubrication plus ‘“‘no 
trouble’, then write us your rquirements. Our 
engineering department is at your service. 


The Cleveland Worm & Gear Co. 


America’s Worm Gear Specialists 


CLEVELAND, OHIO 
DRAVO-DOYLE CO., Pittsburgh 
Cleveland, Indianapolis, Philadelphia 


New England Representatives 


FRANKLIN MACHINE CO., Providence, R. I. 


Pacific Coast Representatives 


ALFRED H. COATS CO., San Francisco, Cal. 


Rocky Mountain States Representatives 


THE VULCAN IRON WORKS CO., Denver, Colo. 
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~ HERE’S A BIG FELLOW 
But Roller-Smith Builds Them Still Bigger 


All Roller-Smith circuit 
breakers have A Colm 
TO A POLE and, there- 
fore, give 100% protec- 


MTVU UCU CUCL UL LLL LL 


The Roller-Smith line 
of circuit breakers is very 
complete, including capac- 
ities from 3 to 12,000 am- 


peres; 600 volts and less; . 
tion. 


They have been on the 
market over fifteen years 


one, two three and 


four pole; overload, and have made a reputa- 


underload, over-voltage, tion of which we are very 


under-voltage shunt trip proud. 


and reverse current. 


Send for Bulletin 
No. AE-530 
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Roller-Smith 3000 ampere, 250 volt, three pole, rigid arm, 
combined overload and under-voltage circuit breaker. 


BALTIMoRE, 113 E. Franklin St. MontTREAL, Power Bldg. 
BIRMINGHAM, Brown- Marx Bldg. New ORLEANS, Whitney Central Bldg. 
Boston, 141 Milk St. PHILADELPHIA, Otis Bldg. 

BuFFALO, Ellicott Square PitTsBURGH, 1306 Keenan Bldg. 
Curcaco, 430 S. Greene’St. SaLt LAKE City, 313 Dooly Bldg. 
CLEVELAND, 7016 Euclid Ave. Sr. Louts, Railway Exchange Bldg. 
Dattas, 2002% Live Oak St. Sr. Paut, Pioneer Bldg. 

DENVER, U. S. Nat'l Bank Bldg. San FRANCISCO, 589 Howard St. 


Tu 


ents. Meters and Circuit Breakers |} 
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Los ANGELES, Title Insurance Bldg. 2 k Pl ScranTOoN, Board of Trade Bldg. 
Mempuis, 493 S. Main St. 12 Par ‘ee WORKS SEATTLE, 524 First Ave., So. 
MINNEAPOLIS, 414 South 6th St. NEW YORK Bethlehem, Pa. Toronto, 183 George St. 
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99.84% ACCURATE 


A Splendid Test Performance 
of The Hasler Speed Indicator 


HIS test—VI-ITMN-729773— was made by the 95% TIME SAVED 
Bureau of Standards at Washington, D. C., on a The Hasler saves 95% of the time spent 
Type A Hasler, 10,000 R. P. M. (stock instrument). in aes Sviaee a 
: A ons ments. eadings are < e 
Three readings of the instrument were taken at each Pe cent ied the Bande vemiein 
speed up to 8000 R. P. M., the limit of present equip- stationary. No stop watch is needed with 
ment of the Bureau. the Hasler. Only one reading 1s necessary 
Pp j £r —no guess work. 
Revolutions per Minute ercentage of Irue if ~ , 
M. by f the correct speed of your motors or 
I AGS Bue ae Bode: ef ty Types machines means anything prey at least 
28 ‘ 5 100.25 investigate the superior a vantages oO 
3097 2108. 66 100.03 The Hasler. Pin the coupon to your 
oe 1 3292.00 100.03 letterhead and send it to Us. We will 
ie 4044.66 99.97 mail you complete descriptive data. No 
ace 4966. 00 100. 06 obligation. The Hasler 1s not an ordinary 
has 6038.66 100.11 tachometer; it is a recording machine. 
7090 7089.33 0 ee NI a ttre 
7997 8028.00 100.38 


Hasler-Tel Co., 461 8th Ave., N. Y*: 
Send us without obligation data on Hasler 
Speed Indicator. 


The average accuracy on the 24 tests shown above is 99.84%, 
and this is the standard performance of the Hasler. 


Hasler- Tel Company 


Manufacturers ot Precision Instruments 


461 Eighth Avenue New York 
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have for over twelve years been standard 
among electrical manufacturers due to 
their dependable quality and reasonable 


price. Find out the economy and im- Portable Cords (Silk and Cotton) 
provement we can effect for you. Fire Alarm Cables 
Write today for prices and samples. Mining Machine Cables 
For 30 Years the Standard 
Dudlo Indiana Rubber and Insulated 
Manufacturing Wire Co. 
Cc Factory and General Offices: 
ompany Jonesboro, Indiana 
Chicago Office: on as 
Fort Wayne, Ind. 210 So. Deriaian St. as ae 
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ANACONDA OVERHEAD GROUND 
BARE COPPER 


WIRE LINES 


are constructed correctly with 
STRANDED CON- 


==) “COPPERWELD” 


DESIRED CAPACITY 
TROLLEY WIRE TRADE MARK REG.U.S. PAT. OFF. 
(Made by the Molten Welding Process) 


Anaconda Copper 
Mining Company Most objections to overhead ground lines have arisen 
from troubles following rusting of the wires. 


ROLLING MILLS DEPT, ° 

5 Chicno = A life at least equal to the power conductors is now 

345 Conway Bids, Chicago K recognized as the foremost requirement in the selection of 
ae Re, an overhead ground wire. 

Copperweld wire does not rust. 
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Xtra-Hi- Tensile Strength Copperweld now ity, 


Technical Data and Wire Tables sent on request 


RURAL DISTRIBUTION — TELEPHONE WIRE 
GUY STRAND —SERIES LIGHTING 


Sg pe ee ee ae 
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NEW YORK SALES OFFICE: 30 CHURCH STREET, NEW YORK CITY 
STULL LLULLLLLLLLALLLLLLLLLLCLLAGLCELLLLLLLLCCAOEUCLOLULLLLLUCEOUUCOUUOUULUUULAAOUOOOOUUOOUUM MCC OHHHMOUTOOOUOOOOTOMMMMMTMMMMTONTUTOTMUTNUOTMMMM TTT 


LONG SPANS 
(CopPER CLADcexSTEEL COMPANY) 
= OFFICE AND WORKS WESTERN’ SALES REPRESENTATIVES: = 
SANGIN, PA, BRADDOCK RO, STEEL SALES CORPORATION, CHICAGOIL: = 
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IF IT’S P ARANITE IT’S RIGHT 


iz 
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Magnet Wire 
aa Winding 


Rubber Covered Wires and Cables 
Lead Covered Wires and Cables. 
High Tension Cables “ 
Automobile Cables 
Telephone Wires 

Lampcords (Silk and Cotton)’ *~ 
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DAY AND 
NIGHT 
without 

interruption 
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t “AMERICAN BRAND” 


IW WEATHERPROOF WIRE AND CABLES: 
; HAS NO EQUAL . 


“AMERICAN BRAND” 


Weatherproof Copper Wire 
and Cables 


TM 


eh: Pre re tits 


Power and Light 
must be supplied 
to the customer. 
There must be no 
failure in this 
service. And 
there is very sel- 
dom any such 
failure. 


Consider the many precautions neces- 


sary to insure this steady distribution, 


not to mention the vast layout of line 


and equipment. 


A great help in the work of installa- 


tion and maintenance is the use of 


Bare Wire and Cables 


proper insulating materials. 


MINERALLAC INSULATING 
COMPOUNDS their 


worth in this connection for many years. 


have proved 


pe WIRE that is built to 
a standard weight for a 
given length, which gives you 
more footage to the pound 
and costs you less per mile. 


In Cable Joints, Potheads, End Bells, 
etc. their use is recognized as good 


practice, resulting in the saving of time, 


labor and material. 


MIMO LULL LL LLL LLL LoL 


AMERICAN INSULATED WIRE 
& CABLE CO. 
954 West 21st St. CHICAGO 
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-MINERALLAC FLECTRIC COMPANY 
1045 Washington Blvd., Chicago, IIl. 
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Any Size, Shape 
Heat Distribution, Capacity or Voltage 


= 


INSULATORS 


The highest protection 1s afforded 
by the use of LAVA insulators. 


Unaffected by heat and 


non-corrosive to acid. 


AMERICAN LAVA CORPORATION 
27-67 Williamson Street 
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A FEW OF THE USES 


Electric Irons 

Hot Plates and Ovens 

Ranges and Cookers 

Disc-Stoves 

Warming Tables 

Pressing Machines 

Glue and Wax Pots 

Liquid Heaters 

Branding and Soldering Irons 

Hat and Shoe Manufacturers’ 
Tools 

Moulds and Dies 

Laundry Machinery 
Special applications In 

Food, Chemical, Rubber, 

Paper and Printing Industries. 

CHROMALOX Elements and 

the Method and Machinery 

used in their manufacture 

are fully protected by U. S. 

and Foreign Patents. 


SUPERIOR FEATURES 


{. Insulation infusible except in electric 
furnace, and is a fine heat conductor. 


2. Resistor is MOULDED IN under tre- 
mendous hydraulic pressure and the whole 


FIRED, producing a thermal and me- 
chanical UNIT, solid and free of air gaps. 


3. Resistor held rigidly in place prevents 
movement, open, short or grounded circuits. 


4. Mechanical and, thermal integrity pre- 
vents excessive local temperature. 


5. Resistor completely enclosed and pro- 
tected from atmospheric influence. 


CHROMALOX Elements are entirely free 
from deterioration—high local temperature, 
insulation breakdown, abrasion, atmospheric 
and other external influences are eliminated. 


We aim to produce a product and develop 
publicity that will make “CHROMALOX”’ 
a mark synonymous with RELIABILITY 
and distinguish users as manufacturers of 
“QUALITY FIRST’ merchandise. 


Manufacturers of Heat Resistant Insulation Manupactu eC : d Patentee 


a : ~ H, PA. 
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always 
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34 ADVERTISING SECTION Journal A. I.E. E. ; 
Secure against 

3 

4 

i 


Supposing 
it were 
: YOU — 
Designed 
Protect your men and increase their ca- 


Financed pacity for doing good work by equip- 
ping them with Marshall’s Linemen’s 


Constructed Shields, Cross Arm Shields and Line- 
men’s Shoes. 
Managed 


Thus equipped they are safe against 
20,000 volts anywhere—on the pole, on 
the ground or in conduit work. 


HUGH L. COOPER & CO. ae te! 


101 Park Avenue and prices today. 


NEW YORK LINEMEN PROTECTOR CO. 
850 Penobscot Bldg , Detroit, Mich. 
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Canadian General Electric Co,Limited 


Branch Offices: Halifax, Sydney, St. John, Montreal, 


Qneofthe —S—s| 
C.G.E.45,000kva = 
GENERATORS to be installe 

for the HypRoELEcTRIC 


A Tribute to Canadian 
Engineering, Enterprise and Industry 


atQ 


O* the thirty-six Generators now installed, in the three largest Stations at Niagara Falls, 
Ont., aggregating approximately 350,000 KVA, it is significant that twenty-five units, 


or 68 per cent of the entire capacity, were supplied by the Canadian General Electric 


Co., Limited. 


ed above is being built at our Peterboro Works, and is part of the 


C. G. E. installation for the new development at Queenston, Ont. These Generators are 
the largest water wheel driven machines in the World. They are rated 45,000 KVA, at 


187144 RPM, 12.000 Volt, 3 phase, 25 cycle, and weigh approximately 600 tons each. 


The Generator illustrat 


HEAD OFFICE (7/@\ TORONTO 


Cobalt, South Porcupine, Winnipeg, Calgary, Edmonton, Vancouver, Nelson and Victoria. 
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STANDARDS 


Published April, 1921 


HE new Standards of the Institute have been com- 
pletely revised in form so that they are more 
readily adapted to receive the additions which are 

made from year to year. Numerous changes in substance 
and several new sections are included in this Edition. 


The Standards give definitions of electrical terms, 
technical data, standard performance, specifications 


for tests of electrical machinery, standard voltages 
and frequencies, and general recommendations, as 
adopted by the Standards Committee and approved 
by the Board of Directors of the A. I. E. E. 


The Rules for Electrical Machinery of the 
International Electrotechnical Commission, 
adopted October 1919 are given in an appendix. 


Linen covered, 177 pages. Price $2.00 per copy, 
with 25% discount to members of the A. I. E. E., 
dealers, and purchasers of ten or more copies. 


American Institute of Electrical Engineers 


33 West 39th Street, New York 
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R. & I. E. Interchangeable 
Unit Equipment for Outdoor Service 


Single Pole Unit, 37,0CO volt, R. & I. E. Combination Horn Gap Switch, Cylindrical Choke Coil and Horn Gap Fuse. 


RRUGGED—[NTERCHANGEABLE~ F,CONOMICAL~ COMPACT 


R. & I. E. designs, embodying INTERCHANGEABLE 
UNIT features are appreciated as representing the best 
that money can_ buy. ECONOMIZE —not by buying 
the cheapest, but by getting the utmost in value for 


money expended. 


Our new bulletins are now being distributed. 
Hawe you received yours? i 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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LOCKE 


The distribution of 
electrical energy is 
too vitally allied 
with the welfare of 
the nation to be 


Electrical Engineering Organizations of 
National Reputation Specify the Famous 


T&M 


Disconnecting Switches 


ead guarded by any but 
“victory, : 
fea the highest grade Because they demand the finest equipment 
. insulators. obtainable and find in T & M SWITCHES 


absolute dependability. 

Because T & M SWITCHES are designed to 
successfully meet the most difficult operating 
and construction requirements. ; 

Because they are already in successful opera- 
tion on many of the largest electrical systems and 
have an enviable reputation for reliability. 


Locke Insulator Corporation 
Victor, N. Y. 


Over a quarter of a century manufac- 
turers of electrical porcelain for high- 
tension electrical power transmission. 
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FACTORIES We solicit correspondence from electrical engi- 
Victor, N. Y. Baltimore, Md. neers and executives. Sketches and_ prices 
submitted. 
Thoner & Martens 
463 Commercial Street, Boston, Mass. 
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SOUTH BEND CURRENT 
CONTROLLER COMPANY 


Manufacturers and Originators of 


R-C-O-C SWITCHES 


Used in connection with 


THE ROWAN A.C. STARTING SWITCH 


PUSH BUTTON OPERATED 
OIL IMMERSED 


Lowest Maintenance Cost 
Any Classification of Outdoor Lighting 


Provides Automatic Control 
For 


Constant Current Transformers 
White Way Lighting Systems, Ete. 
High or Low Tension 


Address Engineering Department for Questionnaire 
SOUTH BEND, INDIANA 
STULL LLL LLL UUM 


Please mention the JOURNAL of the A. I. E.{E. when writing to advertisers. 


FOR 
STARTING AND STOPPING SMALL SQUIRREL CAGE 
MOTORS THAT CAN BE THROWN ACROSS 
THE LINE 
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OWAN CONTROL 


4 THE ROWAN CONTROLLER CO., BALTIMORE, MD. 
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High Impulse Ratio in Practice 


One of the most remarkable properties of THICK 
PORCELAIN is its high IMPULSE RATIO. This 
is the ratio of flashover voltage on high frequency 

impulse to flashover on 60-cycle test. The high 
frequency impulse flashover on 5 thick porcelain 
J-D units is 1.8 times the 60-cycle test flashover, or 
nearly 600,000 volts. 
J tey uate ee TO THE PRACTICAL MAN this HIGHER 
dub et A ee IMPULSE RATIO OF THICK PORCELAIN 
hae MEANS HIGH SAFETY FACTORS TO MEET 
ACTUAL LINE EMERGENCIES CAUSED BY 
LIGHTNING AND SWITCHING. The impulse 
ratio based on rain tests is still higher than when 
based on dry tests. In fact, the flashover of insula- 
tors under high-frequency conditions on the line 
is as high wet as dry. 


Malleable 
Heavy Flanged 


Post. Insulator 
Unit. 


Catalogue 
No. A-254. 


THICK PORCELAIN ALSO BACKS UP THESE HIGH FLASHOVER 
VALUES WITH THE HIGHEST PUNCTURE STRENGTH AND ABILITY 
TO RESIST CRACKING AND SHATTERING SHOULD FLASHOVER 
OCCUR. 

The Jeffery-Dewitt Insulator Company has always used prolonged 200,000 
cycle tests at 110,000 volts on every unit shipped. We believe high-frequency 
conditions are the real test of any insulator. 

In view of the above facts, the present heavy demand for J-D insulators, 
especially for the type here shown for the substation, is not surprising. Other 
factors in the trend of practice today are the adaptability of these separable units, 
and the history of the hundreds of thousands of J-D insulators which have gone into 
transmission service during the past six years WITHOUT ANY EVIDENCE OF 
EXPANSION TROUBLE IN¢SANY CASE 


Jeffery-Dewitt Insulator Company 


General Sales Office: 50 Church St., New York Factory, Kenova, W. Va. 


Ll 
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ADVERTISING SECTION 


REDUCING 
SERVICE 
EXPENSE 


on Fractional H.P. 


MOTORS 


Cut out trouble-making features in small 
motors, and you cut out your expense for 
free service. Most motor troubles are 
motor bearing troubles—due to too little 
oil, or too much oil, or oil of the wrong 
kind. "NORMA" Precision Ball Bearings 
in a motor—dust-proof and with a capacity 
for lubricant ample for months of service— 
make it run better, keep cleaner, last 
longer, use less oil, cost less to run, need 
little or no service. They make any 
motor a better motor, easier to sell, easier 
to keep sold. Write us for full particulars. 


See that your motors are 


“NORMA” equipped. 


The Norma Company 


of America 


Anable Avenue 
Long Island City, New York 
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> No Belts 
——— a, No Gears 
i) No Electrical 
Y Connection 


As applied to speed-indicators for permanent 
mounting, this remarkable statement refers only 
and exclusively to our 


Frahm Vibrating-Reed 
Tachometers 


It is merely necessary to screw the instrument 
(on a special bracket which we supply, if desired) 
to the base or other suitable part of a steam 
turbine, high-speed pump, generator, motor, etc., 
and that is “all there 1s to it.”’ 


There are no delicate internal parts—the initial 
accuracy is sustained during long periods of con- 
tinuous service—and the cost of installation is 
negligible. 

Write for Bulletin J955. 


James G. Biddle 


1211-13 Arch St., Philadelphia 
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Portable Form 


BRISTOL'S 


REG.U.S.PAT. OFFICE 


RECORDING VOLTMETERS 


"THESE instruments have been widely used for general 

tests, and have been found particularly useful for 
settling disputes between Electric Light and Power 
Companies and their customers, in regard to maintain- 
ing uniform voltage on lighting and power circuits. 
They are also valuable for general tests at outlying 
points of lighting and power systems. 

The instrument shown is designed for use on alter- 
nating current of any frequency and on direct current 
when provided with third binding post. 

Write for Catalog BC-1r501 


THE BRISTOL COMPANY 
Waterbury, Conn., U.S. A. 


Our Two Catalogs 


I-T-E Circuit Breakers 


also 


(7§ S 99 
U-re-lites 
describing a new method for 
meeting an old trouble. 


Send for them 


yt CO 


PHILADELPHIA 


ESTABLISHED 1888 


Sr TMU 
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“Improved Armature 
and Stator Coil Former” 


ADVERTISING SECTION 41 
4 


SAUTER TIME SWITCHES 


Self-winding (by universal motor) 
and hand-wound 


Is a fast, adjust- 


= able machine, = 

= simple in opera- = 

= y ne 5 HEY are a_ quality 

= ting and easy = product; by eminent 

= = electrical engineers 

= to change = and practical executives 

= 4 = termed:— 

3 jobs. = “THE FINEST MADE.” 

= : : Withall th . 

= Has proved its worth = eer tinct atlas 

= = dependability, long lif 

= to hundreds of elec- 2 ere at nce ees 

= = l 5 = them the most economical 

= trica repairers and = time switches available. 

2 motor manufac- = A simple, special dial 

= = achieves daily adjustment 

= turers. 2 of any operation, to coin- 

= S cide with dusk and/or 

2 Write for catalog and prices which will = ee 

2 interest you. 3 

= = Over 45,000 in use : 

= : : = Mechanism of Self-windi 

_ Armature Coil Equipment Co. _ eo Amp. TyPe 

: 3202 Scranton Road, Cleveland, Ohio E R. W. CRAMER & COMPANY 

2 Manufacturers of 2 136 Liberty Street New York, N. Y. 

z COMPLETE MOTOR REPAIR EQUIPMENT 2 

See 

Forewarns of OrBE pee a pepcaune Rae is to Ry fore- 
° armed against them. Serious damage, costly re- 

Impending Br | coat 

‘ pending B reaks pairs and shutdowns from broken down insulation 

In the Insulation can be avoided by inspecting all insulation resistance 

e . . 
Resistance of all regularly with the Cory-Record Ohmmeter and making 


Electrical Equipment 


Cory-Record Ohmmeter 
Catalog Bulletin 101-29-B gives complete details. Write for a copy today 


repairs before trouble develops. 


Any electrician can, with complete safety and accuracy, 
test the insulation resistance of your motors, gener- 
ators, transformers, line insulators, telephone and tele- 
graph lines, switchboard circuits, etc., with this efficient 
instrument. 

The Cory Ohmmeter is strictly a high grade instrument 
and no manufacturer or,user,of electrical machinery and 
equipment can well_affordjto,be,without one. 


CHAS. CORY & SON Inc. 


NEW ORLEANS PITTSBURGH 


CORY BUILDING, 183-7 VARICK ST., NEW YORK, N. Y. 


PHILADELPHIA SAN FRANCISCO SEATTLE 


AGENCIES: 
CHICAGO 


Alberger Pump & Condenser Co. 
22 West Monroe St. 


bb Sup. Co. John JD. Hiles Company 
Bosebe te iL Bienville Oliver Building Ww 
ST. LOUIS DETROIT 
r : r A. H. Sloan & Co., Inc. 


Reeves & Skinner Mach. Co. Ce 
2211 Olive St. Moffat Building 


JOURNAL of the A. I. E. E. when writing to advertisers. 
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WIRE PRODUCTS 


For Varied Applications 


We manufacture many types of wires, cords 
and cables for specific uses. Among them are: 


Rubber Covered Wire—Solid Conductor, Stranded 
Conductor, Flexible Conductor, Extra Flexible Conductor. 

Lamp Cords, Reinforced Cords, Heater Cord, Brew- 
ery Cord, Canvasite Cord, Packinghouse Cord. Deck 
Cable, Stage Cable, Border Light Cable, Flexible 
Armored Cable, Elevator Lighting Cable, Elevator Oper- 
ating Cable, Elevator Annunciator Cable. Switchboard 
Cables, Telephone Wire, Flameproof Wires and Cables, 
Railway Signal Wires, High Voltage Wires and 
Cables. Automobile Ignition Cables, Automobile Light- 
ing Cables, Automobile Starting Cables, Automobile 
Charging Cables. Moving Picture Machine Cable. 


Boston Insulated Wire @ Cable Co. 
Main Office and Factory: 
Dorchester District Boston, Mass. 
Canadian Branch, Office and Factory, Hamilton, Ont. 
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Moulded Insulation 


Push Buttons— Switch Keys— Bushings— 
Radio Parts —- Knobs — Novelties — Etc. 


Metal Specialties 
Eyelets—Stampings—Buttons—Etc. 


Send Biue Prints or Samples for Quotations 


Waterbury Button Co. 


Established 1812 


Waterbury, Conn. 


New York Boston Chicago San Francisco Toronto, Ont. 
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MOTOR 
THE 
WORLD 

CAN — 
DEPEND 


Journal A. I. E. E. 
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When designing that large Transformer or Generator 
bear in mind that we are now furnishing 
Square and Rectangular Conductors 


in the same eternally good 


TRADE MARK 


insulation that has stood between you and so much 
trouble with windings made of round wire. 


Belden Manufacturing Company 
Magnet Wire Department 
4625 WEST VAN BUREN STREET, CHICAGO 
Eastern Office and Warehouse, Metuchen, N. J. 
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USE COLD MOLDED MATERIAL 
To Reduce the Cost of Your Molded Parts 


The Aico method of cold molding electrical parts and auto- 
motive units reduces cost and produces work of the finest 
quality. ‘ 

In order that electrical manufacturers may better know the 
Aico process we have established an engineering and designing 
department and placed it at their disposal. A request for 
additional information will receive the prompt attention of 
this department. 


AMERICAN INSULATOR CORPORATION 


New Freedom, Penna. 


New York Branch Offices: am eee pe 
5 . Nicholas Street 
52 Vanderbilt Ave. \ Gekinadicet 
Chicago 306 Twelfth St. 


Cleveland 


fAIcoO\ 
1266-68 Hanna Bldg. 


564-570 W. Monroe St. 
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Pyranid Brand 
ELECTRICAL SLATE 


for 
Switchboards, Panelboards, Fuse 


Blocks, Bus Bar Supports, ete. 


te 


-LECTRICALA 
Broof agemst Time - Wher. Ueler-Lreg? 


THE STRUCTURAL SLATE CO. 


Pen Argyl, Penna. 


Comprehensive Data on Electrical, Chemical and 
= Physical Properties of Pennsylvania Slate sent on request 


TULL 


pTLA UUUUUILLLLLLLLUULULE LLCO LUMLULUUULLUCE LULL LAUULLUGLLLLELA LALLA 


ELECTRO 
DYNAMIC 
COMPANY 


BAYONNE, 
N. J. 


_ Sales lies 


Bp Pete! Cities 
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PIN INSULATORS 
“~~ NOW * TESTED 
-ON LIVE LINES: 


SAFELY EFFICIENTLY ECONOMICALLY 
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CEDAR POLES 


NORTHERN WHITE CEDAR 
WESTERN RED CEDAR 
PLAIN OR TREATED BUTTS. 
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Prompt shipments guaranteed. 
Ask for our delivered prices. 


T. M. PARTRIDGE LUMBER CO. 


729 -32 Lumber Exchange, 
MINNEAPOLIS, MINN. 
SMMC 


DOBLE ENGINEERING COMPANY 
40 CENTRAL STREET BOSTON 
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Ley ATLANTIC 
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ELECTRICAL WIRES 


A code wire of high quality known for its 
AND CABLES 


: great dielectric strength and resiliency, 

and used for its dependability and maximum service. Built 
WIRE ROPE WIRE STRAND 
WELDING WIRE 


on the same lines as the widely known and used ‘*Neptune’’ 
John A. Roebling’s Sons Co. 


—30% para; and ‘‘Triton’’—High grade. 
Trenton, New Jersey 


ui} 
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Atlantic Insulated Wire & Cable Co. 


Sales Office: Factory: 
52 Vanderbilt Ave., New York Stamford, Conn. 
Baltimore, Md., Electrical Sales Co., 2 E. Redwood St.; Pittsburgh, 
Pa., W. A. McCombs & Co., Keenan Bldg.; Louisville, Ky., 
T. C. Coleman & Son, Starks Bldg.; Boston, Mass., A. D. Stein, 
156 Purchase St.; Chicago, Ill., Geo. C. Richards & Co., 557 W. 
= ’ Monroe St.: St. Paul, Minn., Rank & Goodell, Merchants Bank Bldg. 
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66,000 Volts 


is the 
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Nominal Rating 


i of this 
INS ULAT ORS” “Thomas Quality”’ 
The transparency of Hemingray Glass Insulatorst Insulator 


makes line inspection very simple. The lineman} 
@ can tell at a glance whether the insulator is intact or not.) 
Temseetsy insulators are mechanically and dielectrically’ 
oe Sane e, non-porous and uniform in structure. They,’ 
d moisture and age. : 
Send for Bulletin No. 1. 


HEMINGRAY GLASS COMPANY 


Muncie, Indiana 


Catalog No. 3060 


THE R. THOMAS & SONS CO. 


EAST LIVERPOOL, OHIO 
New York — Boston Chicago London 
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Pittsburgh Transformer Company 


Largest Manufacturers of Transformers exclusively 
in the United States 


Pittsburgh, Pennsylvania 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in the Fields of Engineering, Architecture, Chemistry, Law, Physics, and Related Arts and Sciences 


ETT TLL LULL 


Established 1857 


ALEXANDER & DOWELL 


Attorneys at Law 


PATENT, TRADEMARK AND 
COPYRIGHT CASES 


902 F Street, N. W. Washington, D. C. 


Tur AMERICAN APPRAISALCO. 
Valuations ce Reports 


0) 
Public utility, industrial 
and all other properties 


Rate Cases Condemnation Suits 
Reorganizations Liquidations 
NEW YORE MILWAUKEE 
1896 And Principal Cities 1922 


AMBURSEN DAMS 


Hydroelectric Developments 
Water Supply and Irrigation Dams 
DAMS ON DIFFICULT FOUNDATIONS 


AMBURSEN CONSTRUCTION CO. 
Incorporated 

Grand Central Terminal, New York 

Kansas City, Mo. Atlanta, Ga. 


THE ARNOLD COMPANY 


Engineers 
Constructors 
Civil - - 


Electrical - - Mechanical 


CHICAGO 
105 So. La Salle St. 


W. S. BARSTOW & CO. 


Incorporated 
Consulting and 
Construction Engineers 


Public Service Properties 
Financed and Managed 


60 Pine St, New York. 


PAUL L. BATTEY 


Consulting Engineer 


Complete Industrial Plants 
Power Plants & Electrical Installations 
Engineering Reports, Analyses & Appraisals 


CHICAGO 
123 W. Madison Street 


WALTER G. CLARK 


Consulting Engineer 
Electrical, Mining and Industrial 
Reports 
Supervision of Organization and Arrange- 
ments for Financing 


8 WEST 40th STREET NEW YORK 


EDWARD E. CLEMENT 


Fellow A. I. E. E. 


Attorney and Expert 
in Patent Causes. 
Soliciting, Consultation, Reports, 
Opinions. 


McLachlen Bldg., Washington, D. C. 
700 10th St., N. W. 


HARRY COHEN 
Formerly of the Examining Corps 
of the U. S. Patent Office 
Electrical and Mechanical Engineer 
Patent Lawyer 


Validity and Infringement Investigations 
Patent and Trade-Mark Applications 
Patent and Trade-Mark Causes 


Barrister Bldg. WASHINGTON, D.C. 


ROBERT E. DENIKE, Inc. 


Electrical Engineers 
and Constructors 


NEW YORK CITY 


Fellow A. I. E. E. Member A. S. M. E. 
W. N. DICKINSON 


Consulting Analyst 


BUSINESS AND ENGINEERING 
PROJECTS ANALYZED 
Aeolian Hall, 33 W. 42d St., New York City 


Telephones: 


Longacre 8196 Longacre 8645 


CHARLES C. EGBERT 


Engineer 


Hydroelectric Power Development 


Reports, Construction, Supervision 


NIAGARA FALLS, N. Y. 


Edward F. Croker 
Ex-Chief N. Y. 
Fire Dept. 


FIRE PROTECTION ENGINEERS 


Fire Alarm Engineers & Contractors 
Fire Drills, Fire Appliances and Equipment 


22 W. 30th St. 


Chas. W. Mitchell 
Electrical 
Engineer 


New York, N. Y. 


THE FOUNDATION COMPANY 


Engineering Construction 
120 LIBERTY ST. CITY OF NEW YORK 
Offices in Principal Cities 


Steam and Hydro-electric Developments 
Transmission Lines Railway Structures 
Industrial and Chemical Plants 


Superstructures as well as Substructures 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


MONADNOCK BUILDING CHICAGO 


FREYN,BRASSERT & COMPANY 
Chicago Philadelphia 
Consulting and Constructing 
Engineers 


Gas, Steam and Hydro-Electric Power Plants 
Electrification of Rolling Mills 
Fuel, Oil, Tar, Gas Combustion Engineering 
Design and Construction of 
Electric Furnace Installations 


FULLER ENGINEERING 
COMPANY 


Engineers and Constructors 
Designs Estimates 
PULVERIZED COAL PLANTS 
and burning equipment for Steam Boilers, 
Locomotive Boilers and Industrial Furnaces 
Allentown Nat. Bank Bldg. Allentown, Pa. 


60 Church St. New York City, N. Y. 
McCormick Buildin, Chicago, Illinois 


M. H. GERRY, Jr. 


Consulting Engineer 
Electrical Transmission of Power 
Water Power Plants 


HELENA MONTANA 


CHARLES B. HAWLEY 


Consulting Engineer 


WATER POWER DEVELOPMENTS 


Washington, D. C. 


WILLIAM S. HIGBIE 


Electrical Engineer 


ENGINEERING AND PURCHASING 


SERVICE 
Design—Manufacture—Construction 
Own Shops 
Own Yard for Handling 


114 LIBERTY ST. NEW YORK CITY 


Nicholas S. Hill, Jr. S. F. Ferguson 


HILL & FERGUSON 


Consulting Engineers 
WATER SUPPLY—SEWAGE DISPOSAL— 
HYDRAULIC DEVELOPMENTS 
Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, 
Management 
Chemical and Biological Laboratories. 


112 E. 19th St., New York City 


Dugald C. Jackson 
Edward L. Moreland 


JACKSON & MORELAND 
CONSULTING ENGINEERS 


887 Washington St. 


Boston, Mass. 


J. N. MAHONEY 


Consulting Engineer 
Fellow A. I. E. E. Mem. Am. Soc. M. E 
Design, Supervision, Specifications, Report» 
Specialist in Electrical Power Switching and 
Protective Equipment, Industrial and 
Railway Control and Brake 
Equipment 
615-77th STREET BROOKLYN, N. Y. 


McCLELLAN & JUNKERSFELD 


Incorporated 


Engineering and Construction 


New York Philadelphia 
45 William St. 112 South 16th St. 
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W.E. MOORE & CO. 


Engineers 


Plans and Specifications for 
Hydroelectric and Steam Power Plants 
Industrial Plants and Electric Furnaces 


Union Bank Building Pittsburgh, Pa. 


ADVERTISING SECTION 


PUBLIC SERVICE 
PRODUCTION COMPANY 


Engineers and Constructors 
Design and Construction of Power Plants, 
Substations and Industrial Plants. 
Examinations and Reports, Valuation and 
Management of Public Utilities. 


80 PARK PLACE NEWARK, N. J. 


POWER PLANT SAVINGS 


Electrical, Steam and Refrigeration 
Equipment Tested and Reconstructed 


WM. G. MURRELL & CO. 
EFFICIENCY ENGINEERS 


17 West 42nd St. New York City. 


RICHARDSON & GAY 


CONSULTING ENGINEERS 


220 Devonshire Street BOSTON 


Steam, Electrical, Hydraulic, Industrial 
Developments—Building Equipment— 
Investigations—Reports. 


Edward B. Richardson Harry Gay 


NATIONAL ELECTRICAL 
INSTRUMENT COMPANY 


Our Electrical Testing Laboratory 
offers you its exceptional facilities for 
EXPERIMENTATION AND DEVELOP- 
MENT OF ELECTRICAL APPLIANCES 
Also a service for testing and calibration of meters 
Write us for scope of our services 
162 SIDNEY ST., CAMBRIDGE, MASS. 


N. J. NEALL 


Consulting Engineer 
for 
Electrical and Industrial Properties 


12 PEARL STREET BOSTON, MASS. 


NEILER, RICH & CO. 


Electrical and Mechanical 
Engineers 

Consulting, Designing and 
Supervising 


Manhattan Building - - - Chicago 
[SS 


er 


J. P. NIKONOW 
Mechanical and Electrical Engineer 


PATENT ATTORNEY 


Mem. A. I. E. E., A. S. M. E. 
and S. A. E. 


NEW YORK CITY 


3162 Equitable Bldg. 


OPHULS & HILL, Inc. 


Formerly Ophuls, Hill & McCreery, Inc. 
CONSULTING ENGINEERS 


112-114 WEST 42d ST., NEW YORK CITY 


Ice Making and Refrigeration 
Investigations and Reports 


I. PARIS 


PATENT LAWYER 


Barrister Building Washington, D. C. 


Ml 


W. S. RICHMOND 


Consulting Engineer 
Mem. Am. Soc. C. E. 


Water Power, Hydraulic Problems 


705 West Delavan Avenue 
BUFFALO, N. Y. 


DWIGHT P. ROBINSON 
& COMPANY 


Incorporated 
CONSOLIDATED WITH WESTINGHOUSE, CHURCH, KERR & CO., INC 
Design and Construction of 
Power Developments, Electric 
Railway Work, Industrial Plants 


125 East 46th Street, New York 
Chicago Dallas Los Angeles Montreal 


SANDERSON & PORTER 


Engineers 


Reports Designs 
Construction Management 
Hydro-electric Developments 
Railway, Light and Power Properties 


Chicago New York San Francisco 
_————— 


i 


SARGENT & LUNDY 


Incorporated 
Mechanical and Electrical 
Engineers 


1412 Edison Bldg., 72 West Adams Street 
CHICAGO, ILLINOIS 


Js 
ns 


ADOLF P. C. SCHRAMM, E.E. 
Mem. S. A. E. Assoc. A. I. E. E. 


Consulting Engineer 
RADIO EQUIPMENT 


601 WEST 177th ST. NEW YORK CITY 


SESSIONS ENGINEERING 
COMPANY 


Engineers on 
Power Plant Design & Industrial 
Betterments 
Electric Furnace Advice 


140 SO. DEARBORN ST. CHICAGO 


RADIO COMMUNICATION SYSTEMS, 


G. W. Soengen, E.E., C.E. 


———— 


Cleveland 


William M. Stockbridge 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in the Fields of Engineering, Architecture. Chemistry, Law, Physics, and Related Arts and Sciences 


FREDERICK G. SIMPSON 


Electrical Engineer 


Reports, Designs, Specifications. 
Electric Power 


and 
Industrial Developments. 


Telegraph and Telephone. 
8801 L. C. Smith Bldg. Seattle, Wash. 


W. R. Vidler, Mn.E. 


G. W. SOENGEN & CO. 


PINOT UNUUUU OUT ULLOUU LULL LLLUCLL ULLAL 


Consulting Engineers 
Reports and Tests on Motors, Transform- 
ers, Meters, and their equipment. 


Industrial Applications, Appraisals, and 
Surveys. 


1414 Pierce Bldg. 


SAINT LOUIS 


JOHN A. STEVENS, Engineer 


Power Plants 


Transmission Lines — Sub-stations 
Hydro-electric Stations 


Consultation — Analysis — Design 


Supervision of Construction 
Purchased Power Contracts Negotiated 


LOWELL, MASSACHUSETTS 
Fall River 


Victor D. Borst 
STOCKBRIDGE & BORST 


Patent Lawyers 


41 PARK ROW NEW YORK CITY 


STONE & WEBSTER 


Incorporated 


Examinations Reports Appraisals 
on 


Industrial and Public Service 
Properties 


BOSTON 


NEW YORK CHICAGO 


PERCY H. THOMAS 
Consulting Engineer 
ELECTRIC POWER 


Generation - Transmission 
Applications 


120 BROADWAY 
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NEW YORK 


UNITED GAS & ELECTRIC 
ENGINEERING CORPORATION 


Engineers Management 
Construction Appraisals 
Reports, Estimates and Specifications 
Now supervising the Engineering 
and Operation of 32 Public Utility 
Properties located in 12 states 
61 BROADWAY NEW YORK CITY 


VIELE, BLACKWELL & BUCK 


Engineers 2 

Designs and Construction 2 
Hydroelectric and Steam Power Plants = 
Industrial Plants z 

Appraisals = 


NEW YORE 


Transmission Systems 
Reports 


49 WALL STREET 
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ADVERTISING SECTION 


Journal A. I. E. E. 


PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in the Fields of Engineering, Architecture, Chemistry, Law, Physics, and Related Arts and Sciences 


THE J. G. WHITE 
ENGINEERING CORPORATION 


Engineers—Constructors 


Industrial Plants, Buildings, Steam Power 
Plants,Water Powers,Gas Plants,Steam & 
Electric Railroads, Transmission Systems. 


43 EXCHANGE PLACE NEW YORK 


GARDNER S, WILLIAMS 


Mem.Am.Inst.Cons.Eng. Mem.Am.S.C.E. 
Consulting Engineer 


Hydroelectric Developments 
Investigations and Reports 


Cornwell Bldg. ANN ARBOR, MICH. 


WOODMANSEE-DAVIDSON 
ENGINEERING COMPANY 


Consulting Engineers 


784 Continental & Commercial Bank Bldg. 
CHICAGO, ILL. 


EUGENE C. WOODRUFF, Ph.D. 
Member A.J.E.E. and A.E.R.A. 
Fellow A.A.A.S. 


Electric Railway Engineering 
Automobile Engineering 


PENNSYLVANIA 


STATE COLLEGE 


J. G. WRAY & CO. 


Engineers 
J. G. Wray, Fellow A.I.E.E. Cyrus G. Hill 


Utilities and Industrial Properties 
Appraisals Construction Rate Surveys 
Plans Organization Estimates 
Financial Investigations Management 


1217 First National Bank Bldg., Chicago 


To be printed in the following 


issue, copy for cards must be 
received by the 15th of the month. 


EFFECTIVE ADVERTISING — Your Card in This Directory - -—--— SMALL COST — $40 per Year 
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Reg MARINE RULES of the A.I.E.E. 


Recommended Practise for 
Electrical Installations on Shipboard 


Published December, 1920 


HE Marine Rules have been drawn up to serve as a guide 
for the equipment of merchant ships with electrical 
apparatus for lighting, signaling, communication and 


power, but not including propulsion. 


They indicate what is 


We 
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considered the best engineering practise with reference to safety 
of the personnel and of the ship itself, as well as reliability and 
durability of the apparatus. These rules are intended to 


supplement the STANDARDS of the A. I. E. E., which should 
be followed wherever applicable. 


Linen covered, 97 pp., price, $1.00 per copy, with discount of 25% to 
members of the A. I. E. E., dealers, and purchasers of ten or more copies. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
33 West 39th Street, New York 


N LX 


Is your 
name on our 


€ 


bulletins and 
catalog? 


\ 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Morganite 


Brush Co., Inc. 
519 W. 38th St. 
New York 
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ELECTRICAL ENGINEERS 
RADIO ENGINEERS 
MANUFACTURERS 


RADIO AMATEURS 


and the Public Which Is Receiving Radio Broadcast. — 


THE INSTITUTE OF RADIO ENGINEERS 


offers its membership accurate and timely information on all the most 
recent researches, equipment, patents, and other valuable informa- 
tion in the radio field in the pages of its “PROCEEDINGS.” 


To share fully in the benefits and profits of Radio during its present 
ereat expansion, send a postal asking for full information to 


The Secretary, THE INSTITUTE OF RADIO ENGINEERS 


The College of the City of New York, 
139th Street and Convent Avenue, New York. 


(All persons interested in Radio in any form are eligible for membership.) 
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His Safeguard —a PHOTOSTAT Print 


Even your most conscientious machinist doesn’t have to 
‘‘make sure” about any figures or lines on a PHOTOSTAT 
print. He knows that the print was made directly from 
the original drawing, not from a tracing, and 

The PHOTOSTAT Makes No Mistakes 
It makes photographic facsimiles 


There is always the possibility of errors 1n blueprints 
made from tracings. PHOTOSTAT prints are absolutely 


accurate. . 
It takes hours and in some cases even days to make 


tracings and blueprints. PHOTOSTAT prints are pro- 


duced in a few minutes. 
Tracing takes a skilled Se as ene operation of 
a PHOTOSTAT requires only a boy or girl. ; 
Tracings and blueprints cost dollars. PHOTOSTAT 


prints cost cents. 


PHOTOSTAT CORPORATION 


299 State Street, Rochester, N. Y- , 

i Street, Boston 510 No, American Bldg., Philadelphia 
Bee i acicor St.,Chicago 317 Third Avenue, Pittsburgh ‘ 
209 Leader Bldg., Cleveland 429 Monadnock Blidg., San Francisco 
7 Dey Street, New York City 601 M cLachlen Bidg., Washington 

’”" Executive Office: Providence, R. I. = 
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RADIO 


TYPE rin 
Amplifying Transformer 


Price, completely mounted, $5.00 


When you require radio apparatus for the laboratory 
or for your home, remember that the GENERAL 
RADIO COMPANY is one of the oldest companies 
in the radio manufacturing field. For years we have 
been supplying the college, commercial and government 
laboratories with radio equipment. 

Now that the demand for radio instruments has 
become almost a craze, do not forget that our instru- 
ments were designed under normal conditions, and 
that for years we have maintained a research laboratory 
and engineering staff to study their development. 


Bulletin 911 E will be sent on request. 


GENERAL RADIO COMPANY 


Manufacturers of 


ELECTRICAL AND RADIO LABORATORY APPARATUS 
Massachusetts Avenue and Windsor Street 


CAMBRIDGE 39 MASSACHUSETTS 
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ADVERTISING SECTION 


Journal A. I. E. E. 


Classified Advertiser’s Index for Buyers 


- A classified and comprehensive list of manufacturers and agents for machinery and supplies used in the 
electrical and allied industries; professional consultants and laboratories. 


Note: 


AIR COMPRESSORS 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 
AIR WASHERS. 
Spray Engineering Co., Boston 


AMMETERS, VOLTMETERS. 
(See INSTRUMENTS, ELECTRICAL) 


ARMATURE WINDING APPARATUS. 
Armature Coil Equipment Co., Cleveland. 
BALANCING MACHINES, STATIC DYNAMIC 

Olsen, Tinius, Testing Machine Co., Phila- 
delphia 
BATTERY CHARGING APPARATUS. 
Cutler-Hammer Mfg. Co., Milwaukee. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BEARINGS, BALL. 
New Departure Mfg. Co., The, Bristol, Conn. 
Norma Co. of America, L. I. City, N. Y. 
S. K. F. Industries, New York. 
BLOWERS, PORTABLE. 
Emery & Sons, Chas. W., Philadelphia 
BOXES, FUSE. 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, N. Y° 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BOXES, JUNCTION. 
G & W Elec. Specialty Co., Chicago. 
Metropolitan Device Corp., Brooklyn, N. Y. 
BRAKES, CAR. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 
BRUSHES, COMMUTATOR. 
Carbon 
Morganite Brush Co. Inc., New York. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Copper Graphite 
Graphite Metallizing Corp., Yonkers, N. Y. 
Morganite Brush Co. Inc., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BUS BAR FITTINGS. 
General Electric Co., Schenectady, N. Y. 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


BUSHINGS, LIGHT DUTY. 
Graphite Metallizing Corp., Yonkers, N. Y. 


CABLE ACCESSORIES. 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago, Ill. 
General Electric Co., Schenectady, N. Y. 
Minerallac Electric Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


CABLES. 
(See WIRES AND CABLES) 


CABLEWAYS. 
Roebling’s Sons Co., John A., Trenton, N. J. 


CAMBRIC, VARNISHED. 
Irvington Varnish & Ins. Co., Irvington, N. J. 


CARBON BRUSHES. 
(See BRUSHES, COMMUTATORS.) 


CEDAR POLES. 
Naugle Pole and Tie Co., Chicago 
Page & Hill Co., Minneapolis, Minn. 
Partridge Lumber Co., T. M., Minneapolis 
Valentine-Clark Co., Minneapolis. 


CIRCUIT BREAKERS. 
Condit Electrical Mfg. Co., So. Boston, Mass. 
Cutter Company, The, Philadelphia 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

CLUTCHES, MAGNETIC. 

Cutler-Hammer Mfg. Co., Milwaukee. 


COIL WINDING APPARATUS. 
Armature Coil Equipment Co., Cleveland. 


COILS, MAGNET. 
Acme Wire Co., New Haven, Conn. 
Belden Mfg. Co., Chicago, Ill. 
Dudlo Mfg. Co., Ft. Wayne, Ind. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
CONDENSER PACKING, METALLIC. 
Crane Packing Co., Chicago 
CONDENSERS. 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
CONDUIT, UNDERGROUND FIBRE. 
American Fibre Conduit Corp., New York 


CONNECTORS, SOLDERLESS. 
Dossert & Co., New York, N. Y. 4 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONNECTORS AND TERMINALS. 


Dossert & Co., New York 

G & W Electric Specialty Co., Chicago, Ill. 

Standard Underground Cable Co., Pittsburgh 

Mace pate Elec. & Mfg. Co., Ey Pitts- 
urg! 


CONTACTS, COPPER-GRAPHITE. 
Graphite Metallizing Corp., Yonkers, N. Y. 


CONTACTS, TUNGSTEN. 
General Electric Co., Schenectady, N. Y. 


CONTROLLERS. 
Cutler-Hammer Mfg. Co., Milwaukee. 
General Electric Co., Schenectady, N. Y. 
Rowan Controller Co., Baltimore 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONVERTERS. 


Allis-Chalmers Mfg. Co., Milwaukee 

Northwestern Electric Co., Chicago 

preecnencuss Elec. & Mfg. Co., E. Pitts- 
urg. 


COOLING PONDS. 
Spray Engineering Co., Boston 


COPPER CLAD WIRE. 


Copper Clad Steel Co., Rankin, Pa. 
Standard Underground Cable Co., Pittsburgh 


CUT-OUTS. 


Condit Electrical Mfg. Co., So. Boston, Mass. 
, General Electric Co., Schenectady, N. Y. 
G & W Elec. Spec. Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Thoner & Martens, Boston 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


DRAWING MATERIALS. 
Keuffel & Esser, Hoboken, N. J. 


DYNAMOS. 
(See GENERATORS AND MOTORS.) 
ELECTRIFICATION SUPPLIES, STEAM 
ROAD. 


General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, Ohio 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
ENGINEERS, 
TRACTING. 


(See PROFESSIONAL ENGINEERING 
DIRECTORY.) 


ENGINES. Gas & Gasoline. 
Allis-Chalmers Mfg. Co., Milwaukee 


CONSULTING AND CON- 


Oil 
Allis-Chalmers Mfg. Co., Milwaukee 


Steam 
Allis-Chalmers Mfg. Co., Milwaukee 
FANS, MOTOR. 
Century Electric Co., St. Louis. 
General Electric Co., Schenectady, N. Y. 
Star Electric Motor Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
BV esta ghoese Elec. & Mfg. Co., E. Pitts- 
urg 


FARM LIGHTING GENERATORS. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


FIBRE. 
Diamond State Fibre Co., Bridgeport, Pa. 
National Fibre & Ins. Co., Yorklyn, Del. 
FURNACES, ELECTRIC. 
General Electric Co., Schenectady, N . Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
FUSES. Enclosed Refillable 


General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts 


burgh 
Enclosed Non- Refillable 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Open Link 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, N. Y. 
High Tension 

Metropolitan Device Corp., Brooklyn, N. Y. 
Railway & Industrial Engg. Co., Greens- 

burg, Pa. 


GEARS, FIBRE. 
Diamond State Fibre Co., Bridgeport, Pa. 
General Electric Co., Schenectady, N. Y. 


For reference to the advertisements see the Alphabetical List of Advertisers on page 54. 


GEARS, REDUCTION and HERRINGBONE, 
Cleveland Worm & Gear Co., Cleveland 


GENERATORS AND MOTORS. 


Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Canadian General Elec. Co., Toronto, Ont. 
Century Electric Co., St. Louis. 
Electro-Dynamic Co., Bayonne, N. J. 
General Electric Co., Schenectady, N. Y. 
Northwestern Electric Co., Chicago 
Star Electric Motor Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitte- 
burgh 


GENERATING STATION EQUIPMENT. 


Allis-Chalmers Mfg. Co., Milwaukee 

General Electric Co., Schenectady, N. Y. 

agent aie Elec. & Mfg. Co., E. Pitts- 
urg! 


GROUND RODS 
Copper Clad Steel Co., Rankin, Pa. 


HEADLIGHTS. 
Ohio Brass Co., Mansfield, O. 


HEATERS, INDUSTRIAL. 
Cutler-Hammer Mfg. Co., Milwaukee. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh E 
HYDROELECTRIC DEVELOPMENTS. 
Cooper & Co., Hugh L., New York 
Stone & Webster, Inc., Boston 


INDICATORS, SPEED. 


Biddle, James G., Philadelphia 
Hasler-Tel Co., New York. 
Roller-Smith Co., New York 


INSTRUMENTS, ELECTRICAL. 
Graphic 
Biddle, James’ G., Philadelphia 
Bristol Co., The, Waterbury, Conn. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Indicating 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Integrating 

Biddle, James G., Philadelphia 
Duncan Elec. Mfg. Co., Lafayette, Ind. 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
States Co., The, Hartford, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 
; Repairing & Testing 
Electrical Testing Laboratories, New York 
National Elec. Inst. Co., Cambridge, Mass. 


Scientific, Laboratory, Testing 
Biddle, James G., Philadelphia 
Cory & Son, Chas., Inc., New York 
Foote, Pierson & Co., Inc., New York 
General Electric Co., Schenectady, N. Y. 
Leeds & Northrup Co., Philadelphia 
Metropolitan Device Corp., Brooklyn, N. Y. 
Roller-Smith Co., New York 
States Co., The, Hartford, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Telegraph 
Foote, Pierson & Co., Inc., New York 
Western Electric Co., All Principal Cities 


Wireless 
Acme Apparatus Co., Cambridge, Mass. 
General Radio Co., Cambridge, Mass. 


INSULATING MATERIALS. 


Cloth 
Irvington Varnish & Ins. Co., Irvington, N.'J. 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Composition 
American Insulator Corp., New Freedom, Pa. 
Belden Mfg. Co., Chicago 
Cutler-Hammer Mfg. Co., Milwaukee. 
Electrose Mfg. Co., Brooklyn, N. Y. 
Redmanol Chemical Products Co., Chicago 
Waterbury Button Co., Waterbury, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitte- 
burgh 
Compounds 
Minerallac Electric Co., Chicago 


Fibre 
Diamond State Fibre Co., Bridgeport, Pa. 
National Fibre & Ins. Co., Yorklyn, Del. 


‘ Lava 
American Lava Co., Chattanooga, Tenn. 


; Paper 
Irvington Varnish & Ins. Co., Irvington, N. J. 
Silk 
Irvington Varnish & Ins. Co., Irvington, N. J. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


’ June 1922 


ADVERTISING SECTION 


221A 


BLE ME 


IIE 


“John Crane” Air Insertion Tool Caulking Metallic Rings 
in Stuffing Boxes of Surface Condensers. 


Metallic Packing for Surface Condensers 


66 
Ura John Crane” Process 
ADVANTAGES John Crane ADVANTAGES. 
Metallic Rings 
It prevents leakage It prevents gripping 
It maintains high of tubes 
vacuum It eliminates  elec- 


Tube sheets are dry 


ie isha. 
packing 


permanent 


Steam cannot burn 


it out 

Cleaning chemicals 
do not affect it 

It is easy to install 

It prevents tube cor- 
rosion 


Expansion Rings\ 
} 


Lele of erate and Asbestos Rings in 
Stuffing Box 


trolysis 


It saves replacement 
of tubes 


It allows the use of 
softer tubes 


It prevents cracking 
and splitting of 
tubes 
It) ‘cannot crtish or 
deform tubes 


This new metallic bonding method of packing surface condenser tubes is a decided step in advance of 
the old custom of using fabric packings, such as candle wicking, corset lacing and fibre washers which 


are insulators. 
Write for our 26-page text-book on Corrosion and Disintegration of Condenser Tubes. 


Crane Packing Company, ‘Ghicezo tl.” 


Chicago, Ill. 
HOUSTON 


NEW YORK: CANADA: 
407 Scanlon Bldg. Flexible Metallic Packing Co., 


0 Dodge Bld 
71 odg 8. Ltd., Windsor, Ont. 


S 0 Te 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


It is free on application. 


PHILADELPHIA 
108 Walnut Street 
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ADVERTISING SECTION 


Classified Advertiser’s Index for 


INSULATING MATERIALS—Continued. 


Slate 
Structural Slate Co., The, Pen Argyl, Pa. 
Tape 
Belden Mfg. Co., Chicago 
Minerallac Electric Co., Chicago 
Okonite Co., The, New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Varnishes 
General Hlectric Co., Schenectady, N. V% 
Irvington Varnish & Ins. Co., Irvington, N. J. 
Minerallac Electric Co., Chicago 


INSULATOR TESTERS AND FAULT 
FINDERS. 
Doble Engineering Co., Boston 


INSULATORS, HIGH TENSION. 
Composition 
Electrose Mfg. Co., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. Y. 


Glass » 
Hemingray Glass Co., Muncie, Ind. 
Porcelain 
General Electric Co., Schenectady, N. Y. 
Ee at Insulator Co., Kenova, W. Va 
ocke Insulator Mfg. Co., Victor, N. Y. 
Ohio Brass Co., Mansfield, O. __ 
Thomas & Sons Co., R., East Liverpool, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, TELEPHONE & TELEGRAPH 
Hemingray Glass Co., Muncie, Ind. 


LAMPS, ARC. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LAVA. 
American Lava Co., Chattanooga, Tenn. 


LINEMEN’S INSULATING SHIELDS. 
Linemen Protector Co., Detroit 


LINEMEN’S SHOES, INSULATED. 
Linemen Protector Co., Detroit 


LIGHTNING ARRESTERS. 
General Electric Co., Schenectady, N. Y. 
Railway & Industrial Engg. Co., Greens- 
burg, Pa. : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LOCOMOTIVES, ELECTRIC. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LUBRICANTS. 
Texas Oil Co., New York 


MAGNET WIRE. 
Acme Wire Co., New Haven, Conn. 
Belden Mfg. Co., Chicago 
Dudto Mfg. Co., Ft. Wayne, Ind. 
Roebling’s Sons Co., J. A., Trenton, N. J. 
Rome Wire Co., Diamond Branch, Buffalo, 


IN 
Western Electric Co., All Principal Cities 


METALLIC PACKING. 
Crane Packing Co., Chicago 


METERS, ELECTRICAL. 
(See INSTRUMENTS, ELECTRICAL.) 


METER LOADING DEVICES. 
States Co., The, Hartford, Conn. 


MOLDED INSULATION. 
American Insulator Corp., New Freedom, Pa. 
Belden Mfg. Co., Chicago 
Cutler-Hammer Mfg. Co., Milwaukee. 
Electrose Mfg. Co., Brooklyn, N. Y. 
Redmanol Chemical Products Co., Chicago 
Waterbury Button Co., Waterbury, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


MOTORS. 
(See GENERATORS AND MOTORS.) 


OHMMETERS. 
Cory & Son, Chas., Inc., New York 


PANEL BOARDS. 
(See SWITCHBOARDS.) 


PATENT ATTORNEYS. 
(See PROFESSIONAL ENGINEERING 
DIRECTORY.) 


PHASE MODIFYING APPARATUS. 
States Co., The, Hartford, Conn. 


PHOTOMETERS—SPHERES. 
Foote, Pierson & Co., Inc., New York 


PHOTOSTATS. 
Photostat Corp., Rochester, N. Y. 


PLUGS. 
Cutler-Hammer Mfg. Co., Milwaukee. 
General Electric Co., Schenectady, N. Y. 
Hubbell, Inc., Harvey, Bridgeport, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


FOLES, STEEL. 


Archbold-Brady Co., Syracuse, N. Y. 
Bates Expanded Steel Truss Co., Chicago 


POLES—TIES, WOOD. 


Naugle Pole & Tie Co., Chicago — 

Page & Hill Co., Minneapolis, Minn. 
Partridge Lumber Co., T. M., Minneapolis 
Valentine-Clark Co., Minneapolis, Minn. 


POTHEADS. 


G & W Electric Specialty Co., Chicago 
Thoner & Martens, Boston 


PROTECTIVE DEVICES. 
Metropolitan Device Corp., Brooklyn, N. Y- 


PULLEYS, PAPER. 
Rockwood Mfg. Co., The, Indianapolis 


PUMPS. 


Allis-Chalmers Mfg. Co., Milwaukee 
Goulds Mfg. Co., Seneca Falls, N. Y. 


PYROMETERS. 
Leeds & Northrup Co., Philadelphia 


RADIO INSULATING PARTS. 
Waterbury Button Co., Waterbury, Conn. 


RADIO LABORATORY APPARATUS. 


Acme Apparatus Co., Cambridge, Mass. 

General Radio Co., Cambridge, Mass. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RAILWAY SUPPLIES, ELECTRIC 


General Electric Co., Schenectady, N. Y. 

Ohio Brass Co., Mansfield, O. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RECTIFIERS. 


General Electric Co., Schenectady, N. Y. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


REGULATORS, VOLTAGE. 


General Electric Co., Schenectady, N. Y. 

States Co., The, Hartford, Conn. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


RESISTANCE ELEMENTS. 


Cutler-Hammer Mfg. Co., Milwaukee. 
Wiegand Company, Edwin L., Pittsburgh 


RHEOSTATS. 
Cutler-Hammer Mfg. Co., Milwaukee. 
Biddle, James G., Philadelphia, Pa. 
General Electric Co., Schenectady, N. Y. 
Western Electric Co., All Principal Cities 
prerioctopae Elec. & Mfg. Co., E. Pitts- 
urg 


ROPE, WIRE. 
Roebling’s Sons Co., John A., Trenton, N. J. 


SEARCHLIGHTS. 


General Electric Co., Schenectady, N. Y. 
Dy een eneuse Elec. & Mfg. Co., E. Pitts- 
urg 


SIGNALING SYSTEMS. 
Cory & Son, Chas., Inc., New York 


SLATE. 
Structural Slate Co., The, Pen Argyl, Pa. 


SOCKETS AND RECEPTACLES. 


Cutler-Hammer Mfg. Co., Milwaukee. 

General Electric Co., Schenectady, N. Y. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SOLENOIDS. 


Acme Wire Co., New Haven, Conn. 

Belden Mfg. Co., Chicago 

Cutler-Hammer Mfg. Co., Milwaukee. 

Dudlo Mfg. Co., Ft. Wayne, Ind. 

General Electric Co., Schenectady, N. Y. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SPEED REDUCERS. 
Cleveland Worm & Gear Co., Cleveland 


STOKERS, MECHANICAL. 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SUB-STATIONS. 


General Electric Co., Schenectady, N. Y. 

Railway & Industrial Eng’g. Co, Greens- 
burg, Pa. 

Westinghouse Elec. & Mfg. Co., E. Pitta- 
burgh 
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Buyers—Continued. 


SWITCHBOARDS. 
Allis-Chalmers Mfg. Co., Mitwaukee, Wis. 
Condit Electrical Mfg. Co., So. Boston, Mass. 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, N. Ye 
Western Electric Co., All Principal Cities’ 
Mpa ska Elec. & Mfg. Co., E. Pitts- 
urgh 


SWITCHES. 
Automatic Time 


Cramer & Co., R. W., New York 
General Electric Co., Schenectady, N. Y. 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts-. 
burgh 

Disconnecting 
Condit Elec. & Mfg. Co., So. Boston. 
General Electric Co., Schenectady, N. Y. 
K-P-F Elec. Co., San Francisco 
Railway & Ind. Eng’g. Co., Greensburg, Pa. 
Thoner & Martens, Boston 


Fuse 
General Electric Co., Schenectady, N. Y. 
Metropolitan Device Corp., Brooklyn, N. Y. 
Thoner & Martens, Boston 


Knife 
Condit Elec. & Mfg. Co., So. Boston, Mass. 
Cutter Company, The, Philadelphia. 
General Electric Co., Schenectady, N. Y. 
A dane ae Et Elec. & Mfg. Co., E. Pitts- 
urg 


Oil 
Condit Elec. & Mfg. Co., So. Boston, Mass. 
General Electric Co., Schenectady, N. ap & 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh ‘ 
Remote Control 


Condit Elec. & Mfg. Co., So. Boston 

Cramer & Co., R. W., New York, N. Y. 

Cutler-Hammer Mfg. Co., Milwaukee. 

General Electric Co., Schenectady, N. Y. 

Railway & Ind. Eng. Co., Greensburg, Pa. 

Rowan Controller Co., Baltimore 

South Bend Current Controller Co., South 
Bend, Ind. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TACHOMETERS. 


Biddle, James G., Philadelphia 
Hasler-Tel Company, New York 


TELEGRAPH APPARATUS. 
Foote, Pierson & Co., Inc., New York 


TELEPHONE EQUIPMENT. 
Western Electric Co., All Principal Cities 


TESTING LABORATORIES. 
Electrical Testing Labs., New York 


TESTING MACHINES, BALANCE. 


Olsen, Tinius, Testing Machine Co., Phila- 
delphia 


TOWERS, TRANSMISSION. 


Archbold-Brady Co., Syracuse, N. Y. 
Bates Expanded Steel Truss Co., Chicage 


TRANSFORMERS. 


Acme Apparatus Co., Cambridge, Mass. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
American Transformer Co., Newark, N. J. 
Duncan Elec. Mfg. Co., Lafayette, Ind. 
General Electric Co., Schenectady, N. Y. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Elec. Co., St. Louis 
Pittsburgh Transformer Co., Pittsburgh 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

; Factory 

American Transformer Co., Newark, N. J. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Elec. Co., St. Louis, Mo. 
Pittsburgh Transformer Co., Pittsburgh 


. Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Moloney Elec. Co., St. Louis 
Pittsburgh Transformer Co., Pittsburgh 


; Metering 
American Transformer Co., Newark, N. J. 
Pittsburgh Transformer Co., Pittsburgh, Pa. 


; Mill Type 
Pittsburgh Transformer Co., Pittsburgh 


Street Lighting 
Kuhlman Electric Co., Bay City, Mich. 


TROLLEY LINE MATERIALS. 


Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBINES, HYDRAULIC. 


Allis-Chalmers Mfg. Co., Milwaukee 


Cramp, Wm. & Sons, Ship & Eng. Bldg. ‘ 
Philadelphia abe ines prot r 
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Eliminate Vibration 
Secure Perfect Balance With Speed and Economy 
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Use the 


Olsen-Carwen 
Static- 
Dynamic 
Balancing 
Machines 
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OLSEN-CARWEN 


Determines the exact amount of Static and Dynamic un- pulleys, assembled engines, cutter-heads, separator bowls 
balance in ounce inches on indicating dials, together with aircraft propellers, etc. 

the angle or plane of unbalance, also where along the ‘ : ; 

length of the rotor the static unbalance should be corrected Advise us of your balancing difficulties and we will recom- 


so as to avoid the introduction of a dynamic couple. mend to you the proper size and type of Olsen-Carwen to 
Made in all sizes to balance from the smallest to the largest. oY" OU" trouble. 
turbine rotors made, armatures, crankshafts, fly-wheels, Bulletin covering these machines will be mailed on request 


Manufactured by 


TINIUS OLSEN TESTING MACHINE CO. 
500 N. 12th St., Philadelphia, Pa., U.S. A. 


Use Olsen Testing Machines to Determine the Strength and Quality of Your Material 
5 = 
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ENGINEERING FOUNDATION 


Established 1914 


TTUVUUOUTAUTUUUUTARRALLUVUU ALLL LLL 


For the Furtherance and Support of 
Research in Science and Engineering 


Calls attention to important facts learned by the FATIGUE OF 
METALS RESEARCH. This research is still in progress. Makers of 
high-speed machinery are invited to take advantage of the special equip- 
ment and trained force for investigations in fields of interest to them. 
Copies of areport on the first two years’ work may be had on application. 


MUUUTUTUTNNNUOOOUUUUUUUUUUUILUUDDOOIUUUUCUUUUUUUULLLUUUUOOMOOOUUCCUUUUULLLULULLLCL COM CCLLLLLLCLLLLLCL CCL 


Large increase of endowment is much needed to enable the Engineering 
Foundation to perform services to the community through applications 


of science to engineering. 
For further information, please address 


Alfred D. Flinn, Secretary 
Engineering Societies Building 
29 West 39th Street, New York 
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and Electro-Chemistry. 
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SCIENCE ABSTRACTS 


Section A: Physics Section B: Electrical Engineering 


Issued monthly by the Institution of Electrical Engineers, London, in association with the Phy- 
sical Society of London. With the cooperation of the American Physical Society, the American 
Institute of Electrical Engineers, and the American Electro-Chemical Society. 


SECTION B.—Steam Plant, Gas and Oil Engines; 
Electrical Engineering, and Properties and Treatment of Materials; Generators, Motors and Trans- 
formers; Electrical Distribution, Traction, and Lighting; Telegraphy and Telephony. 


separately, or $5.00 for both sections. 


ADVERTISING SECTION 


The contents of the two sections are as follows: 


SECTION A—General Physics; Light; Heat; Electricity and Magnetism; Chemical Physics 


More than 150 publications including Society Proceedings and other periodical publications, 
appearing in all parts of the world, are regularly abstracted. 
he subscription price is $4.50 for either section separately, or $7.50 for the two together. 

All members of the American Institute of Electrical Engineers can, by special arrangement, 
subscribe through the Secretary of the Institute at the reduced rate of $3.50 for either section 
Subscriptions should start in January. 

The first volume was issued in 1898. Back numbers are available, and further information 
regarding cost can be obtained upon application to 


F. L. HUTCHINSON, Secretary, 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, 
33 West 39th Street, New York. 


Industrial Electro-Chemistry, General 


Journal A. I. E. E. 


MMMM MTT UT LULL LL tu TE 


SUINUINUNUIUAAVOCUUUALUIUUL LULINLUOUUUUULVOGUTUUUULUUOUUAOUELULUOURU OULU LULU UOUUULEU AULA 


Classified Advertiser’s Index for Buy ers—Continued. 


TURBINES, STEAM. 


Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

General Electric Co., Schenectady, N. Y. 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TURBO-GENERATORS. 


Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Canadian General Electric Co., Toronto, Ont 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


VARNISHES, INSULATING. 


General Electric Co., Schenectady, N. Y. 

Irvington Varnish & Ins. Co., Irvington, N. J. 

Minerallac Electric Co., Chicago 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh, Pa. 


WELDING EQUIPMENT, ELECTRICAL 


General Electric Co., Schenectady, N. Y. 

Ohio Brass Co., Mansfield, O. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WIRELESS APPARATUS. 


Acme Apparatus Co., Cambridge, Mass. 

General Radio Co., Cambridge, Mass. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WIRES AND CABLES. 


Armored Cable 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 
General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Auto 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 
General Electric Co., Schenectady, N. Y. 
Indiana Rubber & Ins. Wire Co., Jones- 
boro, Ind. 
Kerite Ins. Wire & Cable Co., New York 


Roebling’s Sons Co., John A., Trenton, N. J. 
Romesyite Co., Diamond Branch, Buffalo, 


Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Bare Copper 
American Copper Products Corp., New York. 
American Ins. Wire & Cable Co., Chicago 
Anaconda Copper Mining Co., Chicago 
Belden Mfg. Co., Chicago 
Copper Clad Steel Co., Rankin, Pa. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Co., Rome, N. Y. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities . 


Copper Clad 
Ametican Copper Products Corp,. New York, 
Copper Clad Steel Co., Rankin, Pa. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Flexible Cord 
Belden Mfg. Co., Chicago 
Boston Ins. Wire & Cable Co., Boston 
General Electric Co., Schenectady. N. Y. 
Indiana Rubber & Ins. Wire Co., Jones- 

boro, Ind. 

Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Co., Rome, N. Y. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Fuse 


General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 


Lead Covered (paper and varnished 
cambric insulated) 


Atlantic Ins. Wire & Cable Co., New York 
General Electric Co., Schenectady, N. Y. 
Indiana Rubber & Ins. Wire Co., Jones- 
boro, Ind. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. j. 
Rome Wire Co., Rome, N.Y. 


Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Magnet 


Acme Wire Co., New Haven, Conn, 
Belden Mfg. Co., Chicago 

Dudlo Mfg. Co., Fort Wivna: Ind. 

General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Co., Rome, N. Y. 

Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Rubber Insulated 


Atlantic Ins. Wire & Cable Co., New York 

Belden Mfg. Co., Chicago 

Boston Ins. Wire & Cable Co., Boston 

General Electric Co., Schenectady, N. Y. 

Indiana Rubber & Ins. Wire Co., Jones- 
boro, Ind. 

Kerite Ins. Wire & Cable Co., New York 

Okonite Company, The, Passaic, N. J. 

Roebling’s Sons Co., John A., Trenton, N. J. 

Rome Wire Co., Rome, N. Y. 

Simplex Wire & Cable Co., Boston 

Standard Underground Cable Co., Pittsburgh 

Western Electric Co., All Principal Cities 


Trolley 


American Copper Products Corp., New York. 
Anaconda Copper Mining Co., Chicago 
Copper Clad Steel Co., Rankin, Pa. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Co., Rome, N. Y. 

Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Weather proof 


American Copper Products Corp., New York. 
American Ins. Wire & Cable Co., Chicage 
Copper Clad Steel Co., Rankin, Pa. 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, the, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Rome Wire Co., Rome, N. Y. 

Simplex Wire & Cable Co., Boston, Mass. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
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THE SILSBEE 
CURRENT TRANSFORMER 
TESTING SET 


1S a compact portable set for 
making precision tests of cur- 
rent transformers in position. 
Checks ratio and phase angle. 


Described in Bulletin 715F. 
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OFTEN AN IMPORTANT THING To KNow 


THE 


Send for GTATE 74 Francis Avenue 
co. 


= Cat.No.1 Sect. 12 Hartford, Conn. 
EMM MMMM 
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_THE NEW “MARTIN” A.C. to D.C. 


Rotary Converter and 


Synchronous Motor 


A self-starting and most effi- 
cient machine, that cuts con- 
version losses to a minimum. 
Designed to operate on 110, 
220, 440 volts; 25, 30 and 60 
cycles. Delivers D.C. of any 
desired voltage up to 250. Made 
in capacities from 100 Watts up 
to 100 Kw. 


MOTION PICTURES 
FOR ARC WELDING 
BATTERY CHARGING 
S ne Bulletins on request. 
NORTHWESTERN ELECTRIC COMPANY 
Also Mfrs. of ‘‘AK’’ Variable Speed A. C. Motors 
409 So. Hoyne Avenue, Chicago, III. 


Minneapolis—8 N. Sixth St. Kansas City, Mo,—1924 Grand Ave. 
Toronto, Can.—308 Tyrrell Bldg., 95 King St., E 


daa eel 


STITUTION 


: WANTED 


To complete the collections of universities and 
public libraries, a limited number of Acw lu ies 
TRANSACTIONS, Part II, Vol. 38 (1919) are 


required. 

Forwarding directions will be supplied on re- 
quest, and volumes should not be shipped until 
such instructions have been received. 

The refund allowance is $2.00 for each ac- 


cepted copy. 


AMERICAN INSTITUTE OF 


ELECTRICAL ENGINEERS 
33 West 39th Street, New York 
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Federated Engineers 


Development ¢ Corporation 
164 OgdenAve.N y Jersey City.NwJ. 


Founded by a group of America’s foremost indus- 
trial and technical experts who serve 
on its Advisory Council. 


INVENTIONS 


Having crystallized his vague conception into a 
working construction and secured patent protection, 
the average inventor is balked when it comes to con- 
verting his invention into dollars and cents; for he 
is temperamentally unfitted to develop it into a com- 
mercial product and market it successfully. 

We are organized to furnish technical talent, business 
brains and capital on a partnership basis. 

FEDCO SERVICE is worth investigating. 


Pres. 
T. Irving Potter 


Vice-Pres. 
Dr. Charles P. Steinmetz 


Sec’y. 
A. Russell Bond 
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An A.C. Watthour 
meter that for accuracy, 
efficiency and low cost 
up-keep is without a 
peer. Its design repre- 
sents perfection in every 
detail and central sta- 
tions are loud in their 
praises concerning its 
dependability. 


DUNCAN ELECTRIC MFG. CO. 
Lafayette, Ind. 
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Duncan Mopet M2. 
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STAR : 
Ball Bearing Motors 
For All Purposes 


Horizontal—Vertical 


D. C. Interpole Motors 
for hard usage—1 to 40 hp. 
Sparkless commutation at 
all times. 
A. C. Polyphase Motors 
squirrel cage induction and 
slipring—all cycles, 1 to 
40 hp., 110 to 550 volts. 
A. C. and D. C. Generators and 
Motor-Generator Sets 
Write for Bulletins. 


Star Electric Motor Co. 
Miller St. and N. J. R. R. Ave., Newark, N. J. = 
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INDUSTRIAL-AGRICULTURAL-MUNICIPAL-RESIDENTIA 


A TYPE FOR EVERY SERVICE 
Bulletins on Request 


THE GOULDS MANUFACTURING COMPANY 
Seneca Falls, N. Y. 


Agencies in all principal cities 
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HAT actually constitutes a high grade 
weatherproof wire? We are very positive 
in our convictions on this point, and will 
gladly tell any purchaser all about them by mail or 
verbally if he will ask us. In our advertisements, 
however, one point at a time, and—as point No. I— 


Consider Impregnation: 


If we were to impregnate our triple braid weather- 
proof after the three braids had been put on, we could 
save money on the operation. But we do not do this. 


We impregnate the cotton as it is braided on the wire. : 
By so doing we insure a much more thorough im- cee : ; 
pregnation than by the easier method of dipping the 
wire after braiding. 


If the cotton is not well impregnated, the life of 
the wire is vitally affected; it follows therefore, that 


Weatherproof wire with three scantily impregnated 
hraids is expensive—no matter what its initial cost may 
he. 

Time is the final test of any weatherproof wire, 
and our “weatherproof” is made to meet that test. 


COPPER PRODUCTS 


Round Bare Wire Tinned Wire and Strand Bus Bars 
Bare Strand Weatherproof Wire and Copper in Rolls 
Trolley Wire—Round and Strand Rolled Rods 
Shaped Slow-burning Wire and Drawn Rods—Round, Square 
Flat and Square Bare Wire Strand and Rectangular 


BRASS AND BRONZE PRODUCTS 


Brass and Bronze Sheets Brass and Bronze Round Wire 
Brass and Bronze Flat and Square Wire 


Mills, Bayway, N. J. 


ERICAN COPPER PRODUCTS 


CORPORATION 
200 BROADWAY NEWYORK 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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A. I. E. E. PUBLICATIONS 


JOURNAL. Published monthly. 


Contains technical papers presented at regular Institute Meetings, discussions of Institute 
papers, reports of various technical committees of the Institute, Section and Branch papers and 
other articles of an engineering character. - 


A section is devoted to current Institute news, notices of meetings, reports of committees 
and of Section and Branch meetings, news of allied societies, personal items, etc. : 


Subscription price: $10.00 per year to United States, Mexico, Cuba, Porto Rico, Hawali 
and the Philippines; $11.00 to Canada and $12.00 to all other countries. Single copies $1.00. 
Volumes begin with the January issue. 


Discount of 50 per cent, plus postage, to technical societies and public libraries, and to members for duplicate copies to replace 
those lost or destroyed. 
Discount to Publishers, Agents and Dealers, 20 per cent, plus postage. 


TRANSACTIONS. Published Annually. 


Contains such of the technical papers, and reports presented before the Institute as are 
selected and authorized by the Publication Committee of the A. I. E. E.; also the discussions 
on the technical papers. The TRANSACTIONS form a permanent record of the progress of 
electrical engineering. 


|e 
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Existing bound volumes may be purchased by non-members at the following prices: 
Panencoveredsvolumies;: per -y arse cress nic cis ots Agee he = Bet ee ee ay on $10.00 


Cloth & eu Se Seu, ne een SAN NCI ee o a | Mee 11.50 
The usual discounts of 20% to publishers and dealers and 50% to libraries are allowed on all of the above prices, plus postage. 


Members of the Institute are allowed a special price of $5.00 per year for duplicate volumes, in either cloth or paper binding, to replace 
those lost or destroyed, or for volumes issued prior to their election. 


SEPARATE PAPERS AND DISCUSSIONS. 


Most of the recent papers and discussions presented before the Institute can be furnished 
separately at the following prices: 


—_ = 


Single copies ol Any paper With discussions. 2% «4: + acc ee cee ee ee $0.50 
Five or more copies of any papers with discussion........................ each 0.40 


Many of the papers printed in Volumes I to IX (1884 to 1892) inclusive, and the Volumes XVII and XVIII (1900 and 1901) are 
out of print and cannot be furnished. Discounts of 50% to members and libraries; 20% to dealers and publishers. 


STANDARDS. Revised Edition, Published 1921. 


Gives standard definitions of electrical terms, technical data, standard performance, 
specifications for tests of electrical machinery, standard voltages and frequencies, and general 
recommendations, as adopted by the Standards Committee and approved by the Board of 
Directors of the A. I. E. E. It also contains “Rules for Electrical Machinery” of the Inter- 
national Electrotechnical Commission. 


Price per copy (cloth covered) 


Discount of 25% to Members of Institute, dealers and purchasers of ten or more copies. 


MARINE RULES. (Recommended Practise for Electrical Installations on Shipboard). 
Published December 1920. 


Drawn up to serve as guide for the equipment of merchant ships with electrical apparatus 
for lighting, signaling, communication and power, but not including propulsion. Indicate 
recommended engineering practise with reference to safety of personnel and of the ship itself, 


as well as reliability and durability of apparatus. A supplement to the STANDARDS of th 
A. I. E. E., which should be followed wherever applicable. a aa 


Erice per'copy (cloth covered). st. een nn 


Discount of 25% to members of Institute, dealers and purchasers of ten or more copies. 


YEAR BOOK OF THE A.I.E.E. Published annually in February. 


Containing lists of Officers, Board of Directors, Committees, Fellows, Members, Associates, 
and Enrolled Students; Sections and Branches; Constitution, By-laws, and general information 
regarding the scope and work of the Institute. 
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K-P-F POLE TOP SWITCHES Economical — Efficient : 


FOR SECTIONALIZING AND DISTRIBUTING SERVICE OS Sa ettaehabe 


i 


2 


ACTUAL service on many lines, for many 
years, is pretty conclusive proof that 
K-P-F SWITCHES are satisfactorily meeting 
all demands made upon them. 

Simple and strong, their design and construc- 
tion insures instant operation when called for. 


The units (shipped completely assembled) 
are quickly installed. Bolted to a single 
crossarm, the line wires are deadended on the 
insulators, the control rods attached, and the 
switch is ready for service. 

_ (Send for Bulletin K-105 containing complete 
information.) 


K-P-F ELECTRIC COMPANY 


37 Stevenson St., San Francisco 


MNO UU ULI LULL. L LL LLL LLL 


3 PoLeE Douste Disc K-P-F Swircu 16,500 To 33,000 Votrts (Closed position). 
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_ Oiled Paper VarnishedCambric Oiled Silk _ : = 
= Black & Yellow Varnished Cambric = = S Pp E C ] A L | ST S = 
= Folded Varnished Papers = c= = 
= Condenser Dielectric Papers = = We are pleased to quote 2 
= Beaey hid a Naas = = prices and delivery on trans- = 
= esive apers = = : ° © = 
S Banle CantPivers z formers singly or in quantity z 
= Insulating Varnishes =°s = 
= Irv-O-Slot Insulation = = Acme Apparatus Co. = 
2 IRVINGTON VARNISH @ INSULATOR CO. = z 198 Massachusetts Ave. = 
= Established 1905 = 5 Cambridge, 39, Mass. = 
= Main Office and Factory = a= = 
a Irvington, New Jersey, U. S.A. = = Transformer Engineers and Manufacturers z 
SM SMM 


You will Receive $1000 from the U. 5. Government 


five years from the day you invest $800 in the new issue of 
Treasury Savings Certificates, $100 for $80, $25 for $20. This 
means that your investment will earn 25 per cent. in 5 years. 


Your money will be absolutely safe. You will be protected against loss. 


Your investment will have a definite and increasing 


Your funds will be available on demand. 
cash value at all times. 


Your interest will be paid in a lump sum with the 


principal. Your investment will be practically tax exempt. 


When you have money to invest, think of Treasury Savings Certificates © 


At any Bank At any Post Office 


United States Government Savings System 
Second Federal Reserve District 
97 Maiden Lane - New York City 
Gentlemen: 
I would like to know about the other attractive features of Treasury Savings Certificates. 


Address 


Name 


o advertisers. 
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Automatic Start Induction 


PoLyrpHaAsE Morors 


STARTING TORQUE —of sufficient’ magnitude to operate that 
class of apparatus which requires a heavy torque during the* 
period of starting, such as plunger pumps, air compressors, ice 
machines, etc. 


ta . STARTING CURRENT low enough to make them particu- 
larly desirable to fulfill the requirements of Central Stations. They 
are especially popular where it is necessary to minimize ‘voltage 
disturbances on lighting circuits. 


FUSE PROTECTION—tuses used for running protection are 
sufficient for starting and small enough to protect against an inter- 
ruption of one phase of the supply system. 


TEMPERATURE RISE—not more than 40° Cadtbinde under 


continuous full load in a room of normal temperature and ventilation. 


They Keep-A-Running 
CENTURY ELECTRIC COMPANY 


Sl, LOUIS MO, Use. 


Ratings 
14 to 60 Horsepower Sales Offices in Principal Cities 
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\VENUS | 
\ PENCILS 


The largest selling Quality 


pencil in the world 


peo’ thin, delicate lines, 


66 9 
to heavy shading—from K & E SAMSON : 


sketches to designs of intricate | 
and costly machinery — for Cte aN eet LSS 


rough charts or finished maps 
—VernNus pencils are supreme. 


For work around high tension electric 
currents, the use of a metallic tape is 
17 Black Degrees 3 Copying fraught with danger. Our “Samson” 
For bold, heavy lines . + §B-SB-4B-3B tape is of a very heavy and durable 
For writing, sketching . 2B-B-HB-F-H weave but without metal strands which 


For clean, fine lines . 2H 3H-4H-5H-6H . 5 5 
For delicate, thin lines. . . 7H-8H-9H adapts it particularly to electrical work. 


Plain Ends, per doz. - $1.00 
Rubber Ends, per doz. - 1.20 Furnished with the 
At Stationers and Stores throughout the Wor’? K &E Patent Refill Device 


In lengths of 25, 30, 75 and 100 ft. 
American Lead Pencil Co. 


204 Fifth Avenue, New York 
and London, Eng. - KEUFFEL & ESSER Co. + 


NEW YORK, 127 Fulton St. General Ofice and Factories, HOBOKEN, N. J. 
CHICAGO ST.LOUIS SAN FRANCISCO. MONTREAL, 
516-20 S.DearhornSt. 8IT Locust St. 30°34 Second St. SNotreDameStw. 


Drawing Materials * Mathematical and Surveying Instruments * Measuring, Tapes 


Send for our Catalog 


Ask us about our new VENUS 
EVERPOINTED METAL PENCIL, 
from $1.00 up. 
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4.1. E. E. MEMBERSHIP BADGES 


STYLES OF BADGES : ; : e. 
lees membership of the Institute 1s privileged to wear the 


Upon transfer to the Member grade an Associate badge 


(large size only) can be reenameled blue at a cost of $1.00. 


2 Large Pin A official badge of the society in the various styles shown 
= i herein. 
= H 
2 i All the membership badges are of solid 14k gold, excepting = 
= z the small size lapel button, the screw back of which is of plated = 
= H gold. The enameled background is maroon for Associates and = 
: blue for Members, with letters and border in gold. The Fellow = 
a pice Charm Barre) badge is the reverse in color of that provided for Members. = 
in (solid back) = 
Small Pin = 


The small badges and the large size Member badges cannot be 


reenameled; a credit of $.75 for a small badge and $1.00 for a 


ACTUAL SIZE Vest Scarf Button large badge ($1.25 for large lapel button) will be allowed, how- 
ie ce ae heii ever, upon the return of a badge to Institute Headquarters, to 
peers RICE OF BA oe apply as part payment for a new badge. This credit is also 
e ; 
Size Style Back Price No. allowed to those members who desire to exchange a large size 
__vtyle back |__| 
Large Vest Pin $4.50 | badge for the smaller size. 
| Os er a a I 
Large Charm 4.50 yz . . 
Large Lapel Button 6.00 3 Orders for badges should be accompanied by remittance 
eS ___ (Solid Back) pees se We and should indicate Badge Style Numb: (s2¢ price-list) desired. 
Small Vest Pin 3.00 4 = 
| ee ; 5 ; F = : _ - a = 
as ee | a —| American Institute of Electrical Engimeers  Z 
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American Institute of Electrical Engineers 


COMING MEETINGS 


Annual Convention, Niagara Falls, Ontario, lee: 26-30. 


Pacific Coast Convention, Vancouver, B. C., August 8-11. 


¥ ry | 
4 4 ; ; 
ye) : 


MEETINGS OF, OTHER SOCIETIES ‘ 


Gmenican Assn. for the Ae et of Science, Salt Lake Citb, Jupe 22- 24.) % 
American Electrochemical Society, ‘Montreal, Sept, 21-23.; Fall Alsatian: | 
American Institute of Chemical ebsites: Noe Falls, June 19-22. Summer Meeting 


American Society of Civil Engineers, Portsmouth, N. H., June 21-22. Annual Con- 
vention. 


American Society of Heating & Ventilating Engineers, Buffalo, N. Y., June 7-8; Detroit, 
Mich., June 9-10. 


American Society for Testing Materials, Atlantic City, June 26-July 1. Annual Meeting. 


Association of Iron and Steel Electrical Engrs., Cleveland, O., Ge 11-15. Annual 
Convention. 
Society of Automotive Engineers, White Sulphur Springs, June 20-24. Summer 


Meeting. sr 


Society for the Promotion of Engineering Education, University of Illinois, June 20-23. 
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